
UNCLASSIFIED

AD NUMBER

LIMITATION CHANGES
TO:

FROM:

AUTHORITY

THIS PAGE IS UNCLASSIFIED

AD864988

Approved for public release; distribution is
unlimited.

Distribution authorized to U.S. Gov't. agencies
and their contractors; Critical Technology; SEP
1969. Other requests shall be referred to Air
Force Materials Laboratory, Wright-Patterson
AFB, OH 45433. This document contains export-
controlled technical data.

USAFSC ltr, 26 May 1972



00 
00 

Q0 

AFML-TR-69-2U9 

S 
DYNAPAK 

1/2 MILLION FOOT POUHD 
FORGING MACHINE 

M. Chanin 
J. Koskorls 

General Dynamics 
Electro Dynamics Operation 

TECHNICAL REPORT AFML-TR-69-21*9 

September 1969 

This document is subject to special export controls 
and each transmittal to foreign governments or 
foreign nationals may be made only with prior 
approval of the Manufacturing Technology Division, 
MAT, Air Force Materials Laboratory, Wright- 
Patterson Air Force Base, Ohio I+5U33. 

Air Force Materials Laboratory 
Air Force Systems Command 

Wright-Patterson Air Force Base, Ohio 

^rrjr.n nr?\ 

IW    ftO  1^   »TO 

assutTE 
iq 



IWUSSIM lv 

mvwma 
',SriFIC«TIOII 

WilllE USVM Q 

BUFF SECIIO« 

D 
sK 

0UTRigUTIOII/«V«ILUIlin CODES 

^ 

«VtlL. t<it/m tPECIU 
When 

NOTICE 

Government drawings, specification*, o 
used for any purpose other than in conn 

a definitely related Government procurement 
the {United States Government thereby Incurs 

y nor any obligation whatsoever^ and t 
the government may have formulated, furnish 
any way supplied the said drawings, speclfi 
other data, is not to he regarded by implic 
otherwise as In any manner licensing the bo 
other person or corporation, or conveying a 
or permission to manufacture, use, or sell 
Invention that may in any way be related th 

r other data 
action with 
operation, 
no responsi- 

he fact that 
ed, or in 
cations, or 
atlon or 
Ider or any 
ny rights 
any patented 
ereto. 

Defense Documentation Center release to CF3TI not 
authorized.  The distribution of this report is limited 
because it contains technology identifiable with items 
on the strategic embargo lists excluded from export 
or re-export under U.S. Export Control Acto of I9U9 
(63 STAT.T), as amended (30 U.S.C. App. 2020, 2031), 
as Implemented by AFR-1+00-10. 

Qualified requesters may obtain copies from Defense 
Documentation Canter, Cameron Station, Alexandria, 
Virginia.  Orders will be expedited if placed 
through the librarian or other person designated to 
request documents from DDC. 

Copies of this report should not be returned unless 
return is required by security considerations, 
contractural obligations, or notice on a specific 
document. 



AFML-TR-69-2U9 

DYNAPAK 
1/2 MILLION FOOT POUND 
FORGING MACHINE 

M. Chanln 
J. Koskoris 

Thi» document is subject ^.o «pecial export 
controls and each transmittal to foreign 
governments or foreign nationals may be made 
only with prior approval of the Manufacturing 
Technology Division, MAT, Air Force Materials 
Laboratory, Wright-Patterson Air Force Base, 
Ohio k5^33i 



FOREWORD 

This  report was  prepared by General  Dynamics  Corporation,  Electro Dynamics 
Division for  the United States  Air Force under  Contract F33615-68-C-1578. 
The contract was   initiated under Manufacturing  Technology Division Project 
173-8,   "Design  for   1   -  h Million Foot  Pound  Dynapak  Forging Machine".     The 
work was  administered under  the direction of  the Air  Force Materials 
Laboratory,  Manufacturing Technology Division,  Wright-Patterson Air  Force 
Base,  Ohio with Mr.   L.   C.   Polley as project  engineer. 

This project was under  the  direction of Mr.  Milt  Chanin,   Chief Engineer, 
DYNAPAK,   Electro  Dynamic  Division,  General  Dynamics  Corporation,  Avenel, 
New Jersey.     He was   assisted  in  the  investigation design project by 
Mr.   James Koskoris,   Senior  Project Engineer. 

The project was  accomplished  as part  of  the  Air  Force Manufacturing Methods 
Program,   the primary  objective  of which  is  to  implement,  on a timely basis, 
manufacturing processes,   techniques,   and equipment  for use  in economical 
production of USAF materials  and components.     This  program encompasses  the 
following  technical  areas; 

Metallurgy Rolling,  Forging,   Extruding,   Casting,   Drawing 
Powder Metallurgy,   Composites 

Chemical Propellants,   Coatings,  Ceramics,  Graphites, 
Non-metallics 

Electronic Solid State,  Materials  &  Special Techniques, 
Thermionics 

Fabrication Forming,  Material  Removal,   Joining,   Components 

Suggestions concerning  additional Manufacturing Methods  required on  this 
or  other  subjects will  be  appreciated. 

This  Technical  Report  has  been reviewed  and  is  approved. 

H.   A.   JOHNSON 
Chief, Materials Processing  Branch 
Manufacturing Technology Division 
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ABSTRACT 

A manufacturing methods requirement for this design study 
and engineering plans was established by Award/Contract Wo. 

Two (2) integral opposing rams, weighing 73,000 pounds each, 
and havinr a maximum impact velocity of 630 in./sec. create the 
rated energy of 1,500,000 foot pounds.  The two rams are propor- 
tioned for extreme stiffness in order to support large tooling 
requirements.  Complete tooling interchangeability between the 
upper and lower rams is provided. 

The utilization of an IBM 1800 computer for design studies 
and for stress analysis of key mechanical components was unique 
for the press industry and enabled us to include in the programs, 
the effect of more variables than can usually be accounted for. 

The design incorporates unique rotating hydraulic Jack 
assemblies for the external ram recocking system. 

The hydraulic portion of the pneumatic high velocity 
machine restores the energy released by the machine.  The hy- 
draulic system is composed of two (2) 100 HP motor driving 
four (U) 35 GPM pumps which provide fluid for a high performance 
accumulator system.  This system is capable of sustaining three 
(3) successive blows of the rams within several seconds.  All 
functions are interlocked to provide maximum smoothness of 
hydraulic fluid delivery with minimum inertia shock. 

The electrical system consists of conventional electrical 
circuitry monitored and controlled from a single console deck. 
All automatic events are under control of the operator.  Each of 
the automatic events is sequenced and functioned by separate 
stepping relays which insures that all programmed events take 
place chronologically. 

The machine design provides a total controlled energy out- 
put of 1,500,000 foot pounds with the capability of utilizing 
this energy in multiple blows. 

The counter-blow principle and identical rams provides 
versatility in tooling capabilities. 

The composite design of the machine emphasizes simplicit;', 
flexibility, safety, minimum maintenance requirements and in- 
creased production capability. 

iii 
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1-1/2 MILLION FOOT POUND FORGING MACHISE 

MODEL 21436 

PROJECT NO. TB-8-MMP-25'*/123-8 

I.  INTRODUCTION 

A. General 

1. Purpose - The purpose of this program was 
to develop and establish complete design and engineering 
plans for a larger high velocity (HERF) type machine 
having controlled energy and forging capacity 3 - U 
times greater than present concepts. 

2. Objective - The objective of this program 
was to scale-up the size and energy potential of high 
velocity, controlled energy (HERF) type forging machines 
to establish additional capacity for larger, net size, 
complex forcings required in modern air and space 
vehicles. 

B. »»f«r»«ce8 

1. Standard Form 26, Award/Contract No. 
F33615-66-C-1578, ProJ. No. TB-8-MMP-25W123-8, USAF, 
USAF Systems Cn-., Aeronautical Systems Div., Wright- 
Patterson AFB, Ohio, dated 22 April 1968, subject: 
"Award of Contract." 

2. Technical Proposal, Contract No. F3361-68-R- 
1018, General Dynamics, Electro Dynamic Division, Avenel, 
New Jersey 07001, dated 6 September 1967, subject: 
"Design and Engineering Plans for 1-1/2 Million Foot 
Pound High Energy Rate Forging Machine." 

3. Ltrs., Contract No. F33615-68-C-1578, 
Project No. TB-8-MMP-25'«/123-8, General Dynamics Corpora- 
tion, Electro Dynamic Division, Avenel, New Jersey 07001, 
submitted periodically, subject:  "Status Report No. 1 
through ll»." 

II.  BACKGROUNT 

In early development years. General Dynamics pioneered 
high energy rate equipment.  In 1958, they introduced the 



firit   DYHAPAK  High   Energy   Rate   Metalworking   Machine 
(see   paragraph   I.B.2.).      They  have   been   eminent   in 
thi«   field  of  equipment   research  and   increasingly 
active   in   the   development   of  new  and   sophisticated 
methods   of   forging  parts   for   the   aerospace   age. 
Prior  to   1968,   the   maximum  controlled   energy   poten- 
tial   of   forging   equipment  was   550,000   ft./lbs.   with 
a   die   space  of   30"   x   30"   (see   paragraph   I.B.2.). 
Because   of   the   increasing   demand  for   greater   capacity 
and  more   complex   forgings.   General   Dynamics   sub- 
mitted  a   proposal   (see  paragraph   I.B.2.)   which   re- 
sulted   in   the   issuance   of   contract   (see   paragraph 
I.B.I.)   requiring  high   energy   type   machines   of   the 
magnitude   reflected   in   this   report. 

III.      DS3CRIPTI0H   OF   MATERIAL 

The   1-1/2  Million   Foot   Pound  Forging   Machine, 
Model   21*36,   incorporates   mechanical,   hydraulic   and 
electrical   systems. 

A. Mechanical System 

The mechanical system is composed primarily 
of two (2) integral opposing rams weighing 73,000 
pounds each, having a maximum impact velocity of 
630 in./sec. which creates the rated energy of 
1,500,000 ft./lbs.  Only 1,500 psl gas ram pressure 
is required to attain this energy output. 

B. Hydraulic System 

The hydraulic system is composed of  vo (2) 
100 HP motors which actuate four (»») pumps capacity 
35 OPM) to provide fluid for a uniquely stored 
energy system capable of sustaining three (3) 
successive multiple blows of the rams in several 
seconds.  All functions are interlocked to provide 
maximum smoothness of hydraulic fluid delivery with 
minimum inertia shock. 

C. Electrical System 

The electrical system consists of conventional 
electrical circuitry monitored and controlled by a 
single console desk. 

D. Physical Characteristics 

(See Appendix I) 



IV.      SYNOPSIS 

A, General 

1. The   requirement   for   this   design   and 
engineering   study  was   established   by  paragraph 
I.fl.l. 

2. This requirement was the outgrowth of 
a study submitted by General Dynamics on 6 September 
1968 (see paragraph I.B.2.). 

3«  Periodic progress reports were submitted 
under separate cover (see paragraph I.B.3.). 

h.      A   summary of computer programs and stress 
analysis is contained in Appendix ill,. 

B. Mechanical System 

1. The two (2) DYNAPAK ram assemblies, 
complete with separate gas chambers is the central 
feature which enables the equipment to function as a 
pure counter-blow machine.  The two rams have been 
proportioned for extreme stiffness in order to 
support large tooling requirements.  The proposed 
design results in the greatest rigidity possible, 
consistent with adequate guiding and minimum weight. 

2. Complete tooling interchangeabllity 
between the upper and lower rams is provided.  This 
is a significant feature since many tools, particularly 
those used for forging large parts, require as much 
tooling area for the upper tools as is required for 
the lower tools (92" x 75" on each ram).  It is also 
significant that tooling can be interchanged after 
starting an operation in order to obtain particular 
advantages Involving part removal, forming and ejec- 
tion that cannot otherwise be predetermined. 

3. Detailed stress analysis was performed on 
machine areas of high-stress concentration which re- 
sulted in the adoption of the following: 

a.  A structural frame with solid one piece 
slab side supports. 



b.  Integral one-piece ram-columns having 
adequate section modules to raduce point loading when 
subjected to eccentric loading.  (See Appendix III, 
Plate III, "Bending Considerations and Side Load 
Capability.")  This type fcrging results in strength, 
simplicity and reliability. 

U.  There is a minimum inertia loading of Jack 
cylinders because the Jacks are not subjected to eccen- 
tric forces since the loading is in the center of each 
Jack cylinder.  Therefore, an additional carriage 
with separate guidance and an arresting system is not 
required, greatly simplifying maintenance of the machine. 

5. The Jack recocking system is particularly 
advantageous for quickly separating the two rams after 
firing.  No massive mechanical pivoting locks with their 
actuating gear and hydraulic controls are required. 
Consequently, the system is in the ready position within 
a fraction of a second, providing the multiple high 
capability. 

6. A single fire control valve is provided for 
simultaneous firing of both rams. 

7. Appendix I contains further details and 
illustrations Of the machine. 

C.  Hydraulic System 

1. The crux of the high performance accumulator 
system centers around a large common receiver (500 gal. 
capacity) feeding three (3) identical accumulators with 
a displacement of 75 gallons each.  This assures almost 
negligible pressure drop in the accumulators. 

2. The pressure differential created by a system 
of this capabity produces enough high pressure fluid for 
almost immediate retraction of the four l6-inch diameter 
Jacks after impact. 

3. The fractional time lag in piston operation 
and the utilization of a combination of the three accumu- 
lators provides the multiple hit capability with a minimum 
loss of heat to the forging. 

1».  The charging of the hydraulic system is accom- 
plished uy four (U) identical piston pumps, each having a 
rated pumping capacity of 35 GPM.  Three (3) of these pumps 
are utilized to charge the accumulator bank and one (1) 



pump supplies the fluid to both the ejector block and 
counterbalance systems. 

5.  A detailed discussion of the high performance 
accumulator system is contained in Appendix II. 

D.  Electrical System 

1. The electrical system is controlled and 
monitored by an operator utilizirs an Electrical 
Operating Console and a Control Stand. 

2. The automatic events which are under control 
of the operator are as fo". lows: 

a. Main Automatic sequence. 

b. Jack rotary locks. 

c. Prefill or Jack rapid advance cycle. 

d. Jack retraction cycle. 

3. Each of the automatic events is scuenced 
and functioned by a separate stepping relay, which in- 
sures that all programmed events in each category take 
place chronologically. 

h.      The stepping relay is so designed that if 
a malfunction occurs, such as a valve opening out of 
sequence, the integral permission light would not 
advance to its next successive position on command. 

3.  The system also contains a ready light which 
indicates that all safety features and Initial conditions 
have been satisfied before the system becomes functional. 

6.  If the stepper fails to advance on command, 
or the system fails to function, the operator can view 
the last numbered position of the stepping relay through 
a transparent panel on the control stand or console and 
take appropriate action for subsequent trouble-shooting. 



7.  A detailed discussion of the electrical 
control system is contained In Appendix IV.  Line items 
not specifically referred to are contingency steps re- 
sulting in the function of a major component. 

E.  Mlgcellaneous 

1. Liaison vas established with Lindberg 
Hevi-Duty, a Division of Sola Beiic Industries, Rahvay, 
Dew Jersey, to select an electric furnace which would 
he compatible with the overall design of the machine 
and which would satisfy all requirements as dictated 
by the intended usage of th4 machine.  (See Appendix V.) 

2. As a result of this liaison, it was determined 
that two (2) rotary electric furnaces would be suitable 
for installation on the foundation of the machine in its 
proposed configuration.  (See Appendix V, Drawings D66-10 
and VD-181. ) 

3. Each rotary furnace is PO'-O" in diameter 
and ha« a hearth width of approximately 3'-2".  The 
heating capacity of each furnace is 5000 pounds per hour. 

•».  It is feasible to consider that one furnace 
could be used for pre-heatin^, thereby offering consider- 
able flexibility in preparing unspecified materials for 
forging. 

3.     By utilizing both furnaces in conjunction 
with each other would result in a greater hourly output 
capability, at the same time retaining the potential of 
reheating forglngs If temperatures should decrease ex- 
cessively. 

V.  C0MCLUSI0MS 

It is concluded that! 

A. This design proposal provides a total controlled 
energy output in the magnitude of 1,500,000 foot pounds, 
with the capability of utilizing this energy in multiple 
blows. 

B. This high energy potential provides the Machine 
with the capacity of accepting larger and more complex 
forglngs. 



C. The   multiple-impact   principle   provides   high 
energy  output   transfer   into  a  workpiece   over   a 
negligible   time   period,   resulting   in   minimum   lost 
of   heat   to   the   forging. 

D. Multiple   blows   at   varying   energy   levels  will 
reduce   the   possibility   of  forging   tool   failures. 

E. Controlled   energy   output   will   permit   an 
impact   energy   capability   consistent   with   the   require- 
ments   for  varied   type   forgings. 

F. The   counter-blow   principle   provides   versatility 
in   tooling   capabilities. 

G. The   composite   design  of   the   machine   emphasizes 
simplicity,   flexibility,   safety,   minimum  maintenance 
requirements   and   overall   increased  production. 
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SPECIFICATIONS AND RATIMG 

Ener«r 1-1/2 Million Foot 
Pound* at 1500 psi 
Gag Rao ProBBure 
(Upper and Lower 
Ram) 

Upper Ram Weight 73,000 Pounds 

iower Ram Weight 73,000 Pound» 

Maximum Velocity at Rated Energy  630 Inches per 
Second 

Di* Area 92 Inches x 75 
Inches 

Day;Li8ht 7 Feet, 0 Inches 

Stroke (Total) 3 Peett 0 Inches 

Overall Height 29 Feett k   IncheB 

Overall Width iS Feet, 1 Inch 

Overall Depth 9 Peet( 2 inche8 

GENERAL DESCRIPTION 

The 1-1/2 Million Foot-Pound High Energy Rate Forging 
Press. Model 2^36. which has been designed under this 
contract is a pneumatic-mechanical type press of true 
counter-blow design. 

MAIN RAMS 

The   mechanical   system  is   compooed  primarily  of   two 
(2)   integral   opposing   rams   weighing   73,000   pounds   each. 
The   two   (2)   rams   are   controlled   by   individual   pneumatic 
actuators   which   are   capable   of   driving   the   rams   at   a 
maximum   impact   velocity   of   630   in./sec.   which   creates 
the   rated   energy   of   1,500,000   foot   pounds.      A   sketch   of 
the   opposed   ram   arrangement   is   shown   on   Plate   I. 



It was necessary to design these rams so that adequate 
section back-up would be furnished to the large die dimen- 
sions which were specified with respect to stress and 
deflection of the main ram members.  The section modulus 
is adequate to sustain loading substantially off the 
centerline of the press. 

Results of our early computer studies confirmed our 
preliminary computations that the original specification 
velocity of 800 in./sec. could not be obtained with a 
conservative design or without certain unfavorable com- 
promises . 

The most significant part of this design is that 
both upper and lower ram bolsters are identical.  Equal 
tooling areas in the two bolsters makes a larger class 
of work possible, particularly in coining where the upper 
and lower dies may be almost equal in area.  The complete 
tooling interchangeability between the upper and lower 
rams is advantageous also in obtaining particular ad- 
vantages when a forging operation is being started.  This 
could involve problems of forming, part removal and 
ejection that might not otherwise be predetermined. 

At an early stage of our design effort, we sourced 
primary forging vendors to determine if the proposed 
large ram forglngs could be produced in one piece.  The 
response was affirmative which resulted in further sim- 
plification of these important members. 

The proposed design results in the greatest rigidity 
possible, consistent with adequate guiding and minimum 
weight. 

EJECTORS 

Both rams are equipped with hydraulic ejectors 
capable of 60 ton knock-out force with a maximum 8 inch 
stroke. 

POWER SOURCE AND TRIGGERING SYSTEM 

The machine is controlled by our patented triggering 
and sealing system.  The power source to propel the rams 
is the Dynapak basic actuator.  This is the same basic 
power source used on production model Dynapak machines. 

10 



The energy stored in compressed gas is released through 
a quick opening valve to propel the rams together at 
high velocity.  Individual, but identical fire chambers 
are provided for each ram. 

The fire chamber and seal base concept is shown in 
the drawing on Plate II, 

The heart of any high energy rate machine is the 
valve used to release the energy of the stored compressed 
gas to act on the two opposed rams. 

VALVE SEQUEHCE 

The Dynapak valving technique is extremely simple 
and production proven.  It is illustrated, in sequence, 
for one ram only on Plate III. 

1. The external hydraulic recocking Jacks are 
engaged and actuated, moving one ram up and 
the other down.  The residual driving pressure 
in the gas chambers is overcome causing the 
gas to assume its original volume and pressure 
in each chamber. 

2. The valves are cocked when the ram heads seat 
against the main seal base.  The original 
amount of gas required to trigger the system 
is trapped above the ram caps inside the 
main seals. 

3. The small amount of trigger gas trapped above 
and below the two ram caps is vented to 
atmosphere.  The external rotary Jacks are 
then rotated 90 degrees and the machine is in 
static balance ready to perform a forging blow. 

1*. A small volume of high pressure gas is admitted 
into the areas inside the seal base ring.  The 
slight downward movement of the rams away from 
the main seals allows the gas pressure in the 
chambers to act instantaneously over the entire 
area of the ram column.  One ram is driven 
downward and the other upward by the equal and 
opposite gas forces.  Each ram is acted upon 
with equal thrust and momentum, but in opposite 
directions. 

11 



When the two rams met   In mid-stroke, the useful 
work is accomplished In the die area.  All forces 
generated are absorbed in the work piece or are can- 
celled out leaving the machine free of stress and 
vibration. 

To provide for the next forging cycle, the external 
hydraulic Jacks (U) have followed the two rars as they 
were being driven together.  Upon engagement with the 
rams, they rotate 90 degrees and make locking engagement 
with the rams. 

The hydraulic and accumulator system described in 
Appendix C now rapidly separates the two rams, allowing 
for ejection of the work piece and preparation for the 
next cycle.  The recocking of the rams by the external 
hydraulic Jacks has again inltitated the valve sequence 
described in paragraph (l). 

A single fire control valve is mounted equidistant 
from each high pressure gas chamber and common fire 
pressure is utilized In both chambers.  This eliminates 
the seed for a mechanical back-up triggering system, 
Accidental misfiring of one ram only is eliminated 
since when one ram fires, full fire pressure is then 
free to act on the opposite ram, firing it as a reaction. 

The machine can be operated from either compressed 
nitrogen or high pressure compressed air.  There are no 
hazards in using compressed air with the Dynapak actuator. 
Since the volume of gas required is rather large, eco- 
nomics would dictate the use of compressed air.  We have 
Included an adequate high pressure air compressor system 
and receiver in our design. 

EXTERNAL HYDRAULIC JACKS 

The rotating Jack assemblies are shown in the drawing 
on Plate IV.  By utilizing this unique external recocking 
system, we were able to simplify the machine in several 
respects. 

1. Internal Jacks would have had to be Incorporated 
in the lower bolster which would have interfered 
with the effective tooling area. 

12 



  

2. Locating the hydraulic Jacks on the top and 
bottom of the press removes them from the 
damaging area of forging scale and heat. 

3. There is minimum inertia loading of the Jack 
cylinders.  The Jacks are not subjected to 
eccentric forces since the loading is in the 
center of each Jack cylinder.  Therefore, an 
additional carriage with separate guidance 
and an arresting system is not required, 
greatly simplifying maintenance of the machine. 

U.  The system is advantageous for rapid separation 
of the two rams after a forging blow, 

5.  Note that double back-up seals were designed 
into this system to minimize down time due to 
oil leakage.  Oil leakage has plagued many 
previous high pressure hydraulic installations, 
a fact which Justifies the back-up system. 

MACHINE PROPER 

Plate V shows an artist's sketch of the assembled 
machine. 

Plate VI shows a cutaway view of th« assembled machine. 

Plate XVII is a cutaway view of the machine with key 
features identified to the stress analysis report.  (This 
plate will be found in Appendix C.) 

Examination of these layouts as veil as the stress 
analysis details will show that the outer structure design 
Is adequate to contain moderately severe eccentric loading 
forces.  The counter-blow system does not Introduce any 
inertia loading Into the outer structure. 

The structural frame lucorpo.-tites solid one piece 
slab side supports.  These solid slabs provide support for 
the adjustable gib system. 

Note that full length gibs are employed and that botl. 
rams are fully contained by the gibs throughout their 
entire strokes. 

Further design details on the support structure and 
the gibs is contained in Appendix C. 

13 



MACHINE OUTPUT 

The machine is rateo CODjervatlvely as far as 
developed energy is concerned. 

The 1.500,000 foot pound specification energy is 
developed with only 1500 psi Gas Ram Pressure. 

The machine has reserve capacity; however, since 
the fire chambers and the triggering system are de- 
signed for 2000 psi Gas Pressure which has been the 
standard on all Dynapak production machines. 

The final dynamic computer run (see Appendix III) 
indicates that with fire pressure set aV the/**°^° 
limit of 2000 psi and taking into account a computer 
in?e*rated allowance for U-cup seal friction during 
the td^battc gas expansion in the two fire chambers, 
the developed energy will be slightly in excess of 
2,000,000 foot pounds. 

A Theoretical Energy Diagram, Dr*win?nf ^C^5 »nd 

a Theoretical Ram Velocity Diagram, Drawing BG-10526 
are included for reference purposes. 
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SEAL BALANCE CONCEPT 
PLATE II 
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ARTIST'S DRAWING 
OUTSIDE VIEW OF MACHINE ASSEMBLY 

PLATE V 

21 



■ - ■ 

4 
,    •*, w • •1 

K L~          ^ 

* r * 

^                0              I^K 

«      I 
'*l             1 
<      •      I 

<© 

ARTIST'S DRAWING 
CUTAWAY VIEW OF MACHINE ASSEMBLY 

PLATE VI 

22 



APPENDIX II 

High Performance Hydraulic and Accumulator System 
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LOW    PRESSURE     PREFILL   VESSELS 
FOR    RAPID    ADVANCE     OF     JACKS 

PILOT   LINE 

r -t -i r    n 
3     'S^l       PO-C -^O"    ^ 

i        PREFILL w 

a TT 

-(   GAS    ) 

RCCIEVER 

TT 

^^^  (R-I) 

POC- AB&REV\^T10N     , 
FOR    P\LOT  OPERATED 
CHECK    VALVE 



3    acH. go 

9 /sec. 
EQUIV. 2 sec 
RETÜRM   TIME 

PLM-E   H\\\ 
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TYPtCAL    PIV-OT    C>RCUIT     y<\TH    SEQütNTlAL    PRESSURE    SWITCH 

FEEDBACK     SIGNALS    TO    MAIN     CONTROL 

CONVENTIONAL     SYMBOL    FOR 
PILOT    OPERATED   CHECK 

ACTUAL   CONTROLL    FOR   ACCUMULATOR 
PRE.%%URE   INLET   TO   RETRACT   JACKS 

UPPER   4 LOWER   JACKS 

^ RETURN    OUTLET 
JACK   VALVES 

GRAVITY 
TANK 

/v./ 

vAA 

-[77> 
CHECK   V^ITH   7\XED   IMPEDENCE 
SERVES   TO    INDUCE DirFLRENTIAL 
PRESSURE   UNDER   FLOW   TO   BE 
MEASURED     BY U)   PRESSURE 
SWITCHES 

i X^ 
PLATE    »X 
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ACCUMULKTOR     CONTROL 

SCREW   ADJ 
F»^   MISH   t 
IOW    PUMP 
StTTlKiS 

CONSOLE   CONTROL 

H^ND   VALVES     FOR 
ADJUSTlNCi   PRECH^RSE 
IN    50O   SKC.  RECEIVER OILIN 
^CDMOUKToRS IS  ^ÜTC'MMlCu^ 
^RE   DUMPED    WHEN   COMTROLU 
POWER   \S   Cl»T    OFF  , 

SMOP 
A»R 

OUTPUT 

HEADER 
PL^TE     x 

•2    MOSE- 
TO   PUMP   MKNif. BLOCK 

27 



2a 



The hydraulic portion of a pneumatic hi<?h velocity 
machine restores the energy released by the machine. 

This Hydraulic and Accumulator System is capable 
of furnishing approximately 1»,500,000 foot-pounds of 
useful energy.  This energy is to be delivered by means 
of a new concept over three successive blows of 1,500,000 
foot-pounds . 

Since the first use of HERF machines, ten years ago, 
there has been a trend to increase the energy delivered 
to the workpiece and to reduce the time required to 
complete a single cycle.  Within the last six years, 
machine cycle time has been reduced from twenty seconds 
to an average of six seconds per cycle. 

Equipment sold to date has had an energy output in- 
crease from 1U0,000 to 225,000 foot-pounds. 

It was evident that this double demand for greater 
power with a faster delivery rate would increase both 
the size and importance of the role the hydraulic power 
unit plays in restoring energy to the high velocity 
machine. 

In the design of the 1,500,000 foot-pounds machine, 
top priority was given to making the hydraulic system 
powerful enough to have equivalent or better cycle time 
than present machines. 

In addition, the desirability of multiple, quick 
succession blows which would allow the energy delivery 
to be doubled or tripled in a short period of time has 
been desired by many users.  It was decided that this 
capability would be highly desirable on the 1,500,000 
Toot pound machine. 

To achieve this high performance without unusually 
large plumbing and a large number of pumps and motors, 
it became obvious that a large accumulator stored 
energy system would have to be incorporated in the 
design. 

This decision to employ a modern, large capacity, 
piston accumulator system enabled us to utilize standard 
proven motor and pump components for the pumoing station. 
Two (2) 100 HP, double shaft motors drive four (U) Dynex, 
35 G.P.M., piston pumps to provide fluid for the accumu- 
lator system.  This pump and motor combination has been 
field proven on our production model 1220D Dynapak machines, 
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We have concentrated considerable effort over the 
past several years on the Improvement of the hydraulic 
system on our standard line of Dynapak machines, and 
these field tested improvements have been Incorporated 
in this design. 

All valves are sub-plate mounted to manifold blocks 
to reduce the number of pipe Joints and the usual 
associated problem of leakage. 

All valves and Hues are adequately sized and all 
functions are interlocked to provide maximum smoothness 
of hydraulic fluid delivery with minimum inertia shock. 

The system has been designed for petroleum-based 
hydraulic fluid.  Our own experience with the fire- 
resistant fluids, particularly the phosphate-ester 
types, has convinced us that they are a primary source 
of field maintenance problems.  Also, their poor 
lubricating qualities and low viscosity index, cause 
wear on the finely machined parts of sophisticated 
systems. 

The first concept for the accumulator system is 
shown in the hydraulic schematic on Plate VII. 
Advantages which would result from this first design 
approach are as follows: 

1. A minimum of connecting piping would assure 
practically no pressure drop between high and 
low pressure stored systems.  (To reduce prefill 
plumbing to a minimum and get perfect symmetry, 
a separate prefill vessel for each Jack cylinder 
was planned.) 

2. An unusually symmetrical, almost pipeless, high 
pressure accumulator piping arrangement was a 
key feature.  Unfortunately, several disadvan- 
tages of the first concept became apparent. 
They are: 

1,  Identical systems for t^rt   and bottom Jacks 
would be required.  There-ore, two sets of 
hydraulic pumping equipment would be required, 
giving rise to unnecessary complexity. 
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2. The multitude of pressure vessels required 
considerable space both above and below the 
floor and considerably reduced access to 
mechanical members at the top of machine. 

3, The arrangement would have required six 
accumulators protruding above the floor in 
the same relative location as the upper set 
and this would reduce access to the machine 
at floor level. 

h.      It was difficult to determine a location for 
the gas receiver bottle on the lower set. 

5.  Heavy hydraulic equipment on the top of a 
forging machine gives an unfavorable weight 
distribution to the machine assembly and 
has disadvantages in maintenance when leaks 
can drip down to the forge shop.  Access by 
means of high ladder is less attractive than 
descending a stairway to a hydraulic room 
located below the floor out of the forge shop 
environment. 

Safety considerations in having the tanks and 
pumping station out of the furnace and forge 
environment are obvious. 

COMPUTER STUDY OF ACCUMULATOR SYSTEM 

A complete study of a branch pipe system was made 
to study the effect of pipe length and friction on 
system power losses for any particular system studied. 
From this study, it was found that allowing three 
seconds for retracting both Jack systems 36 inches, 
caused a pressure drop and the resultant horsepower 
losses were very low.  The plumbing system model of 
the computer study is shown on Plate XII.  The 
hydraulic accumulator system study Is discussed in 
Appendix III. 
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PLATE   NO.   XII 

Accumulator 

3500 
PSI 

T5 

Gravity Tank 

["" 2.62 I.D. 

UO Ft. Lg. 

**-  36"-- 
Stroke 

2.12 

'"6-1/2 

15 Ft. 

V —?- 
1 
V      15   Ft 

--- 

i         1 
1 
1 

t 
15   Ft 

' t 
^ Ä 

T 

1 
A 

— 16" I.D. 

Allowing two seconds for full retraction produces 
a loss of 215 horsepower and pressure drop of 235 psl 
for the above piping network.  Considering that the 
main work power is 1917 at this velocity, an overall 
efficiency of power delivery will still be an attractive 

1917 
1917+215 x 100  * 90%.     The final piping network will 

have a lower resistance since it will utilize an 8XX and 
6XX header from the accumulators to the rod connections 
of the Jacks. The inside diameter of the 6XX pipe would 
be It. 9 inches and would carry 567 QPM at one foot per 
second. Consider the \ ■ er Jack set taking the computer 
value of 1568 GPM. The i^ximum velocity through the 6XX 
pipe would only be i568 = 26 _ 1/2 Fps>  At this veloeity( 

5o • T 
pressure drop and power loss should be neglible for the 
lengths involved.  Note that such large pipe sizes allow 
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the four 16 inch diameter Jacks to retract at an average 
rate of nine inches per second.  At this rate, they will 
be delivering 1917 horsepower (as previously discussed) 
to the gas ram systems and will be accepting 1568 GPM 
from the accumulating system, which will only produce a 
26 - 1/2 FPS velocity through the 6XX supply header pipe. 

3JMMARIZING PRIMCIPAL ADVAMTAGES OF FIMAL SYSTEM SHOWH IM 
PLATE VIII COMPARED TO PLATü VII 

1. Minimum redundancy - Single vessels for the prefill 
and gravity sump tank are located in a separate 
room.below the floor. 

2. Accumulator - One set of three accumulators located 
in the hydraulic room below the floor replaces 
twelve accumulators originally located on the side 
of the machine. 

3. Accumulator Drive - The need for two pumping 
systems is eliminated with a common accumulator 
drive for upper and lower Jack cylinders. 

U, Minimized Water Hammer - Minimum inertia effect is 
retained by still mounting the main control valves 
close, (within six feet) to cylinder control ports. 

I ÜLTIPLE HIT CAPABILITY 

The hydraulic diagram, Plate VIII, shows that the 
three 73 gallon piston accumulators are the heart of 
the design.  They store enough high pressure fluid to 
immediately retract the four, 16-inch diameter Jacks 
after impact. 

Due to the large capacity of these accumulators and 
the need to keep piston velocities reasonable, it was 
decided to design special accumulators having the 
following features: 

1. Use a 13-inch diameter bore to keep total package 
length more manageable. 

2. Utilize a special 1/2-inch diameter urethane 
o-rjng as a piston seal. 

3. Utilize wear rings on either side of main seal. 
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k.      Porous chrome-plated bore retains lube and reduces 
seal friction.  Items 2, ^ ^nd k   are based on our 
successful experience wit;   '■ ^h velocity actuators. 

5. Design utilizes 2-inch tie bolts rather than 
threaded cylinder.  (Large threads tend to be 
troublesome on disassembly.) 

6. Incorporate piston dashpot on fluid end to 
eliminate mechanical shock on bottoming. 

7. The gas heads of the three accumulators have 
2-inch HPT connections permitting their connection 
to a 500 gallon receiver that will assume full usage 
of the stored fluid in each accumulator without 
excessive pressure drop. 

CAPABILITY OF STORED ACCUMULATOR POWER 

Consider the accumulator arrangement in its ready 
condition, Plate VIII.  Note that all three accumulators 
have a common large receiver assuring them of almost 
negligible pressure drop for their displacement of 52 
gallons. 

PLATE XIII 

EXAMPLE OF FLAT PRESSURE CHARACTERISTIC OF SYSTEM 

/ 
500 Gallon 

ASME RECEIVER 

r-TrT-    t-HZ- 

2" High PR Hose 

15 Dia. Bore 

Dashpot to decelerate 
piston bottoming shock 

3 xx Pipe high PR Flange 
for fluid output 
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Assume P1   « 3000 PSI 1.38 
Vl   P2 

For adiabatic expansion       **"" ■ '—~ 
1.38 1.38 V2   Pn 

Pl  Vl " P2 V
2 1.38      1.38 

P2  = (500) = (.895) - .86 

?!     558 

Hence P2 ■ 3000 x .86 » 
2600 PSI 

EASE OF COMTROL 

To maintain maximum speed consistent with minimum 
shock of cylinder movement, both the gas precharge for 
the accumulators and oil fill pressure are separately 
adjustable, providing naxinrum flexibility.  In this 
way, stored oil energy can be varied in almost a limit- 
less number of combinations of stiffness of accumulator 
as compared to stiffness of gas ram proper. 

ACCUMULATOR CHARGING CIRCUIT 

Accumulator control on the operating console is 
shown on Plate X.  A schematic diagram. Illustrating 
the accumulator automatic drain to the tank when the 
control is shut off is also indicated on Plate X, 
This permits a reading of the common precharge to 
all three accumulators and simple adjustment from the 
console. 

CYLINDER SHOCK C0HTR0L 

Sy matching the precharge gas accumulator pressure 
to the gas pressure in the machine cylinders, the 
optimum choice of mechanical high speed operations of 
the Jack cylinders consistent with minimum hydraulic 
shock to the system can easily be met. 

SEPARATE ACCUMULATOR DISCHARGE CONTROL BY TIMERS 

On Plate X note that the accumulator #1-1 is always 
connected to the output header.  Its rate of delivery 
can be controlled by throttling valve TH-1.  Consider 
the accumulator as a fixed output pump that is always 
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available to retract or clamp the Jacks up at a velocity 
that would Introduce negligible mechanical shock on 
bottoming.  Its companion accumulators, labeled Ace. 
1-2 and Ace. 1-3 act as short burst high performance 
devices that are capable of instantaneously separating 
the Jack cylinders after forging.  Continued movement 
at this high velocity would produce excessive mechanical 
strain on the machine components.  Although each Jack 
cylinder (Plate IV) is furnished with a dashpot orifice 
plug and an integral check valve to cushion retraction 
at high speed, the machine will perform smoother with a 
slow down speed before bottoming on the retraction stops. 

For example, assume that only one hit will be made 
and it is desired to get maximum (almost instant) release 
of energy from all three accumulators.  Refer to Plate XI 
and set the timers for Ace. 2 and 3 to go on after .1 and 
.2 second delays, to stagger the input shock pulse and 
go off at .6 and .8 second bursts respectively.  This 
simple procedure will make the accumulators release 
energy in .5 second bursts staggered slightly, both going 
in and out to achieve uniform acceleration and deceleration 
of the ram systems.  The throttling valve opening in each 
accumulator line can be adjusted to control the "accumu- 
lator burst velocity" to velocities between 6 and 2k 
inches per second. 

TYPICAL SETTINGS OF CONTROLS FOR THREE HITS 

The time setting of both accumulators, 2 and 3 above, 
may be left for ,5 second total duration bursts slightly 
staggered so that they can both be released together on 
the last hit. 

Set the controls on Plate XI as follows) 

Repeat Hit Selector Set To 
3 

Ace. #2   Hit 1 On 

Hit 2 Off 

Hit 3 On 

Ace. #3   Hit 1 Off 

Hit 2 On 

Hit 3 On 
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The following dltchargt - \u«nct will occur as the 
rams hit the closed die fo    4   three successive blows. 

Hit 1 - (1) Ace. #1 - fixed opening of 6 Inches per 
second 

(2) Ace. #2 - will cut In .1 second later 
than Ace. ifl and stay In .5 second, 
boosting B(-:ed another 6 Inches per 
second to 12 Inches per second but 
will drop out before the jacks fully 
retract. 

Hit   2   -   (1)   Same   as   1. 
(2) Ace. #3 will perform task as above In 

#2 except for an additional .1 second 
delay. 

Hit 3 - (1) Same as 1, 
(2) Both Ace. #2 and #3 will give the flaal 

blow retraction the highest speed, 
possible up to 30 inches per second and 
sequence the power bursts for mininum 
shock. 

SIMPLE POWER RELEASE COMTROL 

Large amounts of hydraulic power discharge are 
controlled by selector switch and solid state timers 
are easily pre-set by the console operator. 

It is clear that by console choice of timing bursts 
and setting of accumulator throttling valves, almost 
infinite control of stored hydraulic power can be effected. 
For short bursts of energy release it is conceivable 
that flow rates from the three accumulators in excess of 
3137 GPM, and developing useful work overcoming fas 
cylinder load in the main cylinders exceeding 3t35 horse- 
power, will be accomplished with high efficiency.  These 
figures are taken from the first line of the computer 
printout sheet and correspond to a Jack velocity of 10 
inches per second against an almost constant gas load 
of ll»00 PSI in the main fire chambers.  The equivalent 
hydraulic balance pressure in the Jacks Is 209U PGI. 
Since the accumulator design capability has been set at 
3500 PSIc if follows that considerable power is available 
in the accumulators for achieving any reasonable velocity 
desired. 
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CONTROL OF ACCUMULATOR POWER BY MEANS OF TWO SIMPLE 
FIMGER TIP CONSOLE ADJUSTMENTS 

1. Console operator can read common accumulator pre- 
charge by shutting off control ar.d durping stored 
oil back to gravity tank.  Individual 1 Inch 
pilot operated checks, connected to each accumu- 
lator, will release the stored pover making the 
system safe for maintenance and permitting the 
precharge to be read on the console, Plate X. 
The operator can now add or subtract precharge 
nitrogen by means of a fill and bleed set of hand 
valves on the console.  This control permits the 
operator to harness the pover output of the accu- 
mulators in the same manner that the main energy 
release within the fire chambers is controlled. 

2. The operator can also vary the fluid changing 
pressure by varying the console pressure switch 
and adjustment screw that bypasses the accumulator 
pumps when the desired high pressure is reached. 
He has a similar adjustment for the cut-in or 
low pressure point at which the pumps will begin 
to charge the accumulator.  Console lights, 
adjustment screws, and accumulator pressure 
gauge make this setting simple and easily ad- 
justable . 

HIGH VELOCITY PLANISHING 

The finger tip adjustments make patching the stored 
fluid power in the accumulator to the stored gas power 
in the pneumatic mechanical portion of this machine 
practical, thus permitting for the first time, the 
concept of iilgh velocity planishing with multiple blows. 

PRSFILL VESSEL DESIGN 

Stabilization of fluid level will be achieved by 
three ultra-sonic detectors located in the vessel wall. 
Excessive or insufficient fluid level will automatically 
cause a correction using accumulator fluid to add to or 
extract from the fluid in the gravity vessel. 

SEQUENCE INTERLOCKING FOR MAIN CONTROL V'TVES 

All critical controls have interlocing, based on 
pressure switches that sense static and dynamic fluid flow. 
For example, consider the main return outlet valve, 1T-1 
in Plate VIII.  Both these valves are pilot operated 
checks and have counterparts for the lower cylinder system 
denoted 1T-1A and 1T-2A. 
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P,ate IX Indicates four distinct modes for any cylinder. 
All pxlot operated checks used for main f'.notions such as 
accumulator flow control utilize double acting cylinders 
for better control.  Each of the above mentioned modes of 
flow are measured by pressure switches and remembered by 
relays, thus interlocking the circuit to ensure that a 
return to tank valve has closed before admitting accumu- 
lator fluid to the cylinder. 

Plate IX gives a detailed study of the jrilot controls. 

To reduce effect of fluid inertia or water hammer we 
elected to place the main control valves, inlet 1 and 1A 
and outlet 2 and 2k,   as close to cylinder ports as practical 
and control the respective inlet and outlet operating 
cylinders with single valves as shown in Plate IX, 

A simpler arrangement would be to use a single larger 
valve to replace 1, 1A and 2, 2A.  However, the much 
longer piping network necessitated by this approach would 
increase the water hammer effect. 

In order to ensure proper sequential control, pressure 
switches placed about FIXED HYDRAULIC ONE WAY IMPEDAMCES 
are used to signal the difference between dynamic and 
static conditions of the cylinders controlling the main 
pilot operated checks. 

By means of a "TRUTH TABLE" based on the outputs of 
these pressure switches, proper sequential relay signals 
from these pressure switches can be used to signal a 
stepping relay to stop the machine cycle or go ahead to 
the step if conditions monitored by the pressure switches 
are OK.  The "TRUTH TABLE" arrangement of the pressure 
switch contacts act as limit switches within the operating 
cylinders and flow switches to detect movement of the 
cylinders in a particular direction.  Hence, after the 
control V-IVT solenoid has been given a signal to "DO" a 
task, feedback from the task must also take place before 
driving the control stepper to its next event position. 
The operator at the console receives an indication of 
where the automatic is at any instant by means of a 
digital readout device on the upper right hand portion 
of the consoxe desk, Plate XIV. 
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TRUTH     An Indication of "TRUTH TABLE" logic that can 
TABLE     be stored by relay* is indicated below for the 
LOGIC     pressure switches in Plate IX. 

Note:  All pressure switches are set at some 
pressure less than that created by the im- 
pedance of the fixed orifice under flow. 

KEY- •X DENOTES CLOSED 
0 DENOTES OPEN 
8 DENOTES UNRELIABLE DO NOT MEASURE 

PR SWITCH N.O. 
CONTACTS 

RELAY 1 - CYCLE IS RETRACTED 

RELAY 2 - CYCLE IS EXTENDED 

RELAY 3 - CYCLE IS EXTENDED 

RELAY U   -   CYCLE IS RETRACTING 

X 0 X 0 

X IB 0 X 

0 X 0 X 

B X X 0 

110   V 

RELAY 

Hh 

Trf- 

Hh 

-^^ 

n 
Hh 

■tf—=ff—G> 

Hh 

C 
Hh 

RELAY o 
RELAY 

RELAY 

<3> 
PLATE   XIV 
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SUMMARIZING Four  modes   e»n   be   extracted 
and   so   require   the   stepper 
to   note   feedback   before 
going   ahead. 
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APPENDIX III 

Summary of Computer Programs and Streta Analysis 
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GENERAL 

Our utilization of the IBM 1800 computer for design 
studiec and for stress analysis Studie, is, we Relieve, 
unique for the press industry.  It enabled us to include 
in our programs the effect of more variables than are 
usually accounted for when designing this type of equip- 
ment . 

The prime advantage, of course, is the assurance 
that the final design is the most satisfactory possible 
from the alternatives.  However, we feel that further 
refinement of the computer design technique would provide 
an accurate and rapid method of sizing other presses, 
both upward and downward from this particular design. 

This summary of the various computer programs and 
their results is therefore included in this report. 

This information plus copies of the actual.computer 
print-outs was submitted as Data Item B003 under the 
contract, "Stress Analysis Report."  For simplification, 
the actual computer print-outs are omitted from this 
report. 

Program I - Study of Initial Velocity va. Basic Parameters 
—"^   of Fire Pressure. Stroke. Net Impact Time and 

Energy 

A simple program was written which would store design 
inputs of dimensional data, volumes, weights and varying 
gas pressures.  The program then would yield outputs of 
impact velocity, exact point of collision, impact time, 
final reduced pressures due to adiabatic gas expansion 
and total net energy developed as a printed out quantity. 

It would compute this data to a great accuracy since 
it made individual computations for units of time as 
small as 1/10,000 second, "DT" being an input quantity. 

In this Fortran Plan, U-Cup friction and the simple 
cushion system parameters of diameter and pressure are 
taken into account along with allowance for tooling 
weights, "Toolwt." 
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No.   1     FORTRAN 

l<rAÜ(2/l)VOL,URIlWT,t)linWT/5Tr!,TOOLlJ   , URF P, I)!!F P, DT, UUD I A, DUD I A, HP, SD 
1 FOIlIlAT(lFb.ü/2F5.0/lF3.1/ir5.0/2Flt.n/lPlt.i*/2F2.0/ir3.U,lF3.r) 

■JRMAÜ ■ (UtU UJT♦. 3 3 3*TOO Hi   ) / 38 G. 
l)l!MAS»(DUMUT + .üOG*TÜOLU   )/386. 

2 T = ü 
URSTR-U 
URSTR-O 
URVEL-0 
ÜRVEL-U 
URP-URFP 
URP=DRFP 
DRA". 7f!5*D^r)l A**2. 
URA=.785*URniA**2.0 

3 T=T+DT 
URT[IR-lJRP*URA-URP*URniA*.2*.333*T{)(lLl; *URIU;T 
SETFO  =( . 785*50**2. )*r.P 
nRTIIR-DRP«DKA-nitP*nRniM*,2-.6üü*T()()LW   +SFTFO-PP.IU.,T   . 
UUACC-URTHR/URMAS 
DRACC-DRTHR/DRflAS 
Ui!VEL=UI!VEL + URACC*nT 
üRVEL-URVEL + üi!ACC*üT 
UUSTR»URVEL*DT+URSTI! 
DRSTR-DRVEL*ÜT+DRSTU 
UKDIS =URSTR*URA 
DRDIS   »DttSTR*DRA 
URP-URFP*(VÜL/(VOL+llRDIS))**l.ii 
Dr(P»DRFP*(VüL/(VOL+DRniS))**l.U 
IF    (URSTR + DRSTR-STR)   3,3,1» 

it   RELVE   =URVEL+DP.VEL 
Eri-((.5*URI1AS*URVEL**2.)*(.5*DRnAS*Dr{VF.l **2. ))/12. 
I;RITE(I/5)DT 

T.   FORMAT (I» BHCB LOU   SltlGLE   UPPER   AND   LOl.'FP   RAf!   VELOCITY   STUDY, 2X, 
IlüHTIME   lUTEn^O.l^SHSF.C//) 
URITE(l,r. )URniA,DnniA,5TR,VOL 

I.   FORIIAT(^IIURDIA,Fl«.0,lX,5MnRniA,Fl».ü/lX,13HSTR   TO    I (IPArT, IX, Fr., 1, 
11X,8IIFIRE   VUL,Fn.ü/) 

UR I TE ( 1, 7 ) URUUT, nRMUT, TOO LV;, S P, SD 
7 FORtlATCJIIURMUT, F7. 0, IX, SHDRMUT, F 7. Ü, IX, CMTOOI.iJT, F7. 0, IX, CMS FT   PI!, 
llX,F5.0,lX,7HSr.T   DIA,FS.2//) 

URITF. (1,8) 
8 FüRHAT((JX,l*l!FIRF, 3X, 5HF I MAL, 2X, OHSTROKE, IX, DMVFLnr, IX, OH I tlPACT, ];;, 
ISHHET^X^HEIJERriY^X^HTIIIF) 
i;RITE(l,r) ) 
FOR(lAT(lüX,2HPR,5X,2IIPR,12X,2lllt;,UX,i4HTmR,lUX,!)l'ir:CR^nrrlT) 
lJfilTE(l,lÜ) 
FORflAT(10X,3IIPSI,:.X,3HPSI,ü>;,2Hir!,l.X,31'SFC,3X,3l'SFC,3X,rHFT   US, 

10X,l»HSECS/ ) 
KRITE(1,11)URFP,URP,URSTR,URVEL,T 
FÜR;iAT(9HUPPER   RAH, FC.Ü,1X,Fü.O, IX,FG.2,IX,F 5. U,IX,FG.3) 
UdITE(i,12)DRF P,DRP,DR5TR, DRVEL,T 
FOR;iAT{911LUUER   RAM, FG . ü, IX, FG . 0, IX, FG . Z, IX, F 5. 0, IX, F 5 . 3 ) 
WHITE(1,13)STR,RELVE,T,EM,DT 
FÜRMATCGHTOTALS, 1 7X, Fü . 2, IX, F 5 . ü, IX, F 5 . 3, 2X, F'l. I), 3X, Fli. 1. ) 
CALL   EXIT 
t'JJD 
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DISCUSSIQM OF RESULTS 

Our first print-out gave velocities and energy 
approximately within the specifications for 1500 psi 
fire pressure. 

It became evident that the assumed ram weights were 
slightly excessive in relation to our efforts to attain 
specification velocity.  We now felt that we must study 
the shaping of the counterblow ram system with an eye to 
reducing unnecessary weight and so attain the highest 
velocity possible to enable us to comply with the speci- 
fication. 

At this time we had an indication that our fire 
volume was excessive and it remained for future Program 
III to develop further machine parameters. 

We also developed a program concept for determining 
exact cushion system parameters. Program iV, by rebuilding 
the Fortran of Program I to take into account high fluid 
flow to the cushion systems and an exact accounting of 
cushion thrust with High Reynolds Number. 
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To fully understand the Input dimensions, refer to 
drawings "Dimension Key" and "Load and Moment Arm Key," 
AA-10521 and AA-10522. 

Although bolster section was set up as an I-Baam, 
It can be programmed as a solid bolster by merely 
making the flange thickness "FLGTH" equal to 1/2 the 
bolster thickness "BOLTH." 

The program will compute the weight of any size 
column and bolster assembly and give breakdowns of 
the weight distributions. 

The abbreviations are almost self-'explanatory on 
the weight breakdowns. 

FLGWT        -       Flange weight - bolster I-Beam 

WEBWT        -       Web weight - Bolster I-Beam 

GUIWT        -       Total weight of guide portion 

FILLWT       -       Weight of fillet radius blend 
portions 

HOLE -       Hole in column if used} if not 
used, input - 0 

TOOWT        -       Tool weight (This effects inertia 
stress and velocity for any given 
Energy Input.) 

BOMIX        -       Moment of Inertia of the bolster 
section.  (Uses the 75" ram width 
and computes the cube of the 
"BOLTH" depth of ram taking into 
account I-Beam design when 
applicable.) 
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COMPUTER PROGRAM II 

Fortran Plan Descriptive Notes on 
Program Studying Ram Weight Vs. Inertia Stress 

Ram Diagram Included Depicting Moment Arm 
and Force Abbreviations Used in Fortran Plan as 

Diraensi ons 
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General Discussion of Printout Data 

Particular Discussion of Printout Data 
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General Dlacusslon 

Basic relationsnips between flexure stress, FLEXS, 
in the critical section of the rams were studied as 
they varied with severe hard shots.  A "hard shot 
being a blow with a small amount of metal deformation, 
and a high number of (G)s "DEACCEL."  The smaller the 
deformation, "STOP," the harder the shot and the higher 
the flexure stress of the portion of the rams beyond 
the workpiece, "BILLW." 

This flexure stress, which is tl  limiting criteria 
of any ..high velocity machine, determines a safe upper 
level of operation with respect to the hardness of the 
shot or severity of the blow.  This is usually discussed 
in terms of "G" level which is the primary reaction of 
the rams to the forging load and is printed in the 
first column of output sheet. 

This prograr.i for any particular ^et of dimensional 
inputs and die dimensions yields an output of varying 
tonnages.  These tonnages or tool reactions are then 
related to "DEACCEL (G)s" - Decel«r«tion 'G' level, 
"FLEXS" - Flexure stress which is limiting, "CSTRE" - 
Compressive stress due to the weight of the column, 
"BEACC" - Deceleration time, and "STOP" - actual 
metalforming stroke required to generate the particular 
load at any particular impact velocity printed above 
"STOP." 

Particular Discussion 

llote that in Printout II2, negative moments give 
rise to an unnaturally reduced flexure stress.  Data 
inputs were corrected to yield more conservative values 
of flexure on Printout II3. 

Printout 11^ is a realistic run of a solid ram operat- 
ing at a reasonable impact velocity.  Hote that velocity 
has been reduced from 350 to 320 inches per second per 
each raa. 

51 



Hot« that field of th« maximum angl« has been 
increased to three places to show elastic curvature 
of the bolster section under high 'G' loading.  The 
small deflections shown are due to the weight-moment 
relationship of the portion of the bolster extending 
beyond the assumed width of tooling of 1»5".  The 
previous run. Ha, was based on wider tooling width 
of "BILLW" - 50".  This was the prineipal data change 
that resulted In elimination of the negative moments 
on Printout llz  previously discussed. 

Summarizing, Program II yielded significant 
results.  Using the outputs of Program I, *. am 
diameters and impact velocity, and varying ram 
bolster thicknesses and plan view dimensions as 
inputs, we investigated key stress and deflection 
resulting from soft to extrem«xy hard blows.  The 
range investigated was from 250 to 2,250 G's, 
corresponding to tooling tonnages of 9,'♦2»» to 8U,8l8 
at impact velocity of 6U0 to TOO inches per second. 
Note that at 1,000 G's., the stress levels in flexure 
of th« solid ram, exhibit 2, Is a safe 10,387 psi 
with an assumed billet or die width of 30".  The 
corresponding tonnage that is produced Is 37,697 
with a total metal deformation of twice .138" or 
.316".  It is interesting that this blow takes place 
in the 5/16" of metal movement in approximately 
1/1,000 second at an impact velocity of 700 inches 
per second. 

What is particularly attractive about this program 
is that any bolster configuration can be readily 
programmed so that resultant weights of bolster and 
column are machine calculated along with the resultant 
stress's produced on the rams when hitting a particular 
forging of known width, "BILLW." 

The weight moment effects of the bolster were sub- 
divided and printed out so that an unusually bad 
condition of overhang could b« pinpointed quickly. 
The overhang of the ram was divided into three parts. 
The central section having parallel sides was considered 
with respect to the widest portion of tooling designated 
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"BILLW."  Than If there vaa * positiv« mo««nt of this 
section causing flexure it was computed and its 
Moment Ark about "BILLW" was designated "CEMOA."  A 
negative sign indicating that tb« width of the 
parallel sides was smaller than "BILLW," e.g. BILLW - 
50 and BOLFL - 1*7 1/2, a minor negative weight 
moment occurs which ve first thought tends to reduce 
the flexure moment stress by a minor amount.  Errors 
resulted due to improper Fortran interpretation of 
this negative moment.  The errors resulted in an 
artificially reduced flexure stress readout labelled 
"FLEXS" on the printout worksheet which we felt was 
not conservative.  Exhibits are included to show the 
reinterpretatlon of this negative moment and its 
effort on the printout flexure stress.  Hote that in 
exhibit F-3, the negativ« moment sign is deleted from 
the breakdown of weights and their moments and the 
resultant flexure stress level prints out at a higher 
value which we feel Is more conservative Interpretation. 

That leaves the guide portion and the Intermediate 
gradually tapering portion to be considered.  The 
weight of the guide portion and its respective flexure 
moment arm about the extreme edge of the tooling are 
designated "WTGU" and "GUMOA" respectively.  Counterpart 
auantltiei for the intermediate section are designated 
"WTIHT" and "BIMOA". 

The flexural resistance to both stress and deflection 
Is proportional to the moment of inertia of the bolster 
at the critical edge of the tooling.  This value along 
with a complete breakdown of all inputs and computed 
weight distribution for the ram column assembly are 
printed out by the computer in printouts for Program 
II denoted H^, Hg »nd II3- 
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COMPUTER PROGRAM III 

Plan and Review of Final Results 

Machine Design Stress 

Analysis of Key Members 

Review of Overall Results Along with 
Explanations of "Soft" Items Not Directly 

Answered by Computer III3 Printout 
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Defll Ho. I Column 

After many trials a column ram and cap diamettr of 
2k"   and 36" was chosen.  The ram diameter was principally 
chosen as a result of Icinetics studies in I and IV to 
accomplish rated specification parameters of energy and 
velocity with pressures conservative enough to assure 
results.  If required, pressure levels could be increased 
to 2000 PSI which has been past Dynapak criteria for fire 
chambers. 

With a total weight of ram and bolster of 70,000 
pounds (determined as reasonable from programs I, II 
and IV), the critical pressure in the upper fire chamber 
needed to hold the upper ram in balance is 123 PSI. 
The complex stress in this cap corresponding to an 
approximate 35,000 ton blow were investigated ard found 
to be a reasonable approximate 17,000 PSI stress due to 
flexure.  Many ce.p i-.hicknesses were evaluated before 
choosing one for t: e best combination of strength to 
weight as evidenced >y luijO 'G' flexure stress. 
Studies indicating the potential column weight saving 
with hollow construction indicate 55* reduction possible. 
Such weight savings cannot be ignored when studying the 
compressive stress at the root of the column at rated 
1000 'G'.  Note that with the hollow construction the 
compressive 1000 'G« stress at the base of the column 
taking into account the cap is a reasonable approximate 
17,000 PSI. 

The first column connections studied were two member 
column and separate bolster designs.  An early program 
in this III group was run for a column clamp plate se- 
cured with (2C) »" studs.  Both clamp plates, detail 
number k,   reached an excessive weight of approximately 
11,000 pounds based on a 9" thickness.  This design 
takes into account leverage edge effects and assumed 
full 1000 'G' reversal based on capability to take 
particular hard shots.  Joint was designed to transfer 
eccentric loading up to 10,000 PSI flexure in the major 
column diameter and the excessive weight arose mainly 
for this consideration. 
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A program for a (U) tooth bayonet lock wa« conaldered 
and preliminary Fortran Program written but was discarded 
In favor of a sow key lock.  The «ow key lock being 
similar in design to conventional hammer practice used to 
lock tooling to beds. 

The sow key design was successfully programmed and 
proportions of an acceptable design were determined. 
Design criteria here wns that key should withstand a 
full 1000 'G' reversal.,  This criteria is conservative 
since strain gage test .ng of this portion of the one 
piece colisn on our 1220 and 620 have never shown any major 
•G* reversals.  Reversals only occur at sections subject 
to flexural beam 'G* stresses at critical Junctions of 
Dynapak frames.  A 1220 C test shot involving over 100,000 
foot pounds with less than 1/61»" deformation was strain 
gaged and showed only a simple compresslve stress at the 
Junction. 

During the computer program, «. major forging vendor 
furnished us with a quotation for a oae piece r«m-column. 
By having a better alternative, we ncv abandoned further 
computer studies with the sow key ram lock In favor of a 
simple one piece forging. 

X-Beam Detail No. Ill 

The upper and lower X-beams are fabricated from 
rolled 18" thick mild steel slabs and machined to 17" 
thickness.  Note under maxiaum thrust corresponding to 
a 1.3/1.0 overload ratio maximum flexure stress developed 
in these X-beams equals approximately 10,500 PSI.  This 
calculation takes into account the anchoring pattern of 
the main side frame studs and the eentroid of the fire 
chamber reaction tierods which transmits the thrust 
reaction to th« X-menibers. 

The simple tensile and hoop stresses in many of 
the machine members were calculated based onl.3/1.0 
over-pressure load.  Stresses were based on actual root 
area and simple hoop stress criteria where St - I.D. x Press. 1   2 x Wall Thick 
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Detail Stud No. VII 

With regard to the stud* anchoring tie plates to 
side members it was felt that many small heat treated 
studs vould be better than a few very large tierods and 
nuts running through the entire length of the structure. 
Poor experience on early Dynapaks with large nuts that 
became frozen to tierods after a year of service affected 
this decision. 

The initial series of Fortran computations indicated 
that our first sizing choice was too small however.  Hand 
computations of the stud loading due to leverage after 
increasing the number of bolts in the extreme leverage 
now reduced the flexure stress in the 3" - 6N alloy stud 
from 90,000 PSI In the smaller fastener to 17,000 PSI at 
rated 1500 PSI fire pressure after increasing both the 
size and number of fasteners in the extreme row.  With 
this change, we utilize (18) 3" studs per side member 
so that the direct tensile stress due to maximum rated 
thrust is only as follows:  (Reference drawing 10523/A). 

At 2000 PSI F.P. thrust on each side member equals 
1*52,159 pounds with a 2U" diameter ram. 
Root area of 3" - 8N stud equals 6.6 inches based 
on 2-85" root diameter. 
S* - '»52.1594' - 3,800 PSI 

It is clear that the simple direct stresses even at 
overload of 1.3/1.0 are insignificant considering the 
strength of the alloy - heat treated studs and hellcoil 
Inserts used to tie down the basic frame components. 
To get a high efficiency Joint between the end members 
and side slabs (6) W   diameter dowels were used on each 
slab connection (Reference 10523/B).  Since these dowels 
have generous bearing surfaces and are made from high 
hardness shock resistant steel assume an allowable shear 
stress of 20,500 PSI to develop resistance to aide loading, 
The total side resistance of the dowels not counting 
frictlonal drag of the main fastener end studs would be 
equal to - 

sside - U2)(10 1/U TSI)(J»2 x .78U) 

sside - 1.550 Tons 
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The total frietional load due to a 20,000 PSI 
preatreae on the (36) 3" ttuda clamping the «ad plates 
to the side member assuming a friction factor of .3 is > 

Fr side " (36) 6'21 x 10 Ton/in.2 x .3 - 680 Tons 

The total resistance to side loading between the end 
plates and side members is approximately 2,230 tons 
taking into account reasonable factors of safety. 

To be conservative, neglect the frietional side load 
capability of the main anchor studs above.  Consider 
what a dowel side resistance of approximately 1,500 tons 
means in terms of eccentric forging loads.  Kote that 
half this load is put into each - solid slab tower. 

Bending Considerations and Side Load Capability 

Because Integral rams-column:; are utilized they tenfi 
to reduce point loading or the gibs for off center loading. 

I 

2 Pc 1 Pc 

H  (2 Piece 
Ram) i 

T 
H (For Integral 

Ram) 

J_ 

Reduced 'H' Leverage 
2 Piece 
Ram —K 

Improved 
Integral 
Ram 

Leverage 
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In any c'blow machine reaction moments of upper and 
lower ram ayetems will be equal and opposite and the 
fixed structure Is called upon to react these moments 
within the gib guiding arrangement.  Excessive gib 
bearing stresses will cause stick slip under load and 
so impair the efficiency of the process.  It is for 
this reason that the integral ram design was chosen 
for both rams.  The tremendous section modulus will 
reduce gib loading without increasing the weight of the 
rams.  The only other method of reducing gib loading 
under eccentric conditions is to make the height of 
the box section much longer.  Note that with the 
proportions in our design a 36" deep section even when 
contoured at the perimeter where it is unnecessary 
and undesirable caused a resultant closing velocity 
lower than contract specification with the specification 
proportions of plan area. 

Working backwards assume a one foot stroke of each 
ram prior to Impact.  How stress the column in flexure 
to a safe maximum value, say on« half the minimum yield 
strength.  For a maximum working stress of 1*0,000 PSI 
what moment can column sustain. 

oi^ 

See 10523/C 

H*  2U"   Diamet« 

L^J. 

See 10523/C & D 

S.M. » .1 D^  , 
- .1 UM3. 
- 1380 In.3 
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A  2k"   diameter  ram  has   a  section modulus   of  1380  in. 
The   maximum  force   'F'   it   can   sustain   is   based   on   simple 
flexure. 

1*0,000 PSI - Sb - _M  - F x 18" 
S a M ■ S • M e 

Solving for F = 1.380 x Uo.000 - 3,050,000 Lbs. or 
18 1,525 Tons 

Now consider the effect of this tonnage acting as 
a couple to the furthest extreme gib shoes.  The 
bearing pressure of these shoes under this arbitrary 
side moment load will be as follows on the 11 x 5 1/2 
area sets of gib shoes. 

Sb « 762 Tons   - 12.9 TSI 
5 1/2 x 11 

The bearing area in the main bushing under the same 
loading will be - 

Sb -   1525  - 3.6 TSI 
18 x 21» 

Making the shoes much longer would not help due to 
the elastic conditions in slabs under the action of 
these huge loads. 

To insure low friction and minimum wear under 
relatively high gib pressures hard facing materials 
of differing hardness and alloy are to be plasma 
sprayed on both the gib rail and ram wear shoes. 
These surfaces will be 56-61 Re Colmonoy #6 chrome 
boron nickel for the rail and l«5-50 Re Colmonoy #5 
somewhat lower alloyed than #6   for the shoes.  Their 
Inherent controlled porosity will allow the retention 
of high pressure lubricants such as M0 Sg. 

Getting back to the stresses under the maximum 
flexure condition.  Next consider the means of trans- 
mitting lateral side load from the 18" thick end plates 
to the 26" thick side posts.  Although we utilize (36) 
3" studs in each end plate to make the connection to 
the side posts, neglect the considerable side friction 
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developed by theee itude.  This friction will be 
approximately - 

Fr - (36) 6.2 in.
2 x 10 Ton/in.2 x .3 in. - 680 Tons 

The side load neglecting this friction will produce 
a shear stress of 10.2 TSI on the (12) I»" diameter solid 
alloy dowels installed to get great rigidity at the 
principal corners of the structure. 

Dowe 
S, -   ISgS Tons    - 10.2 TSI 
is   (12) W x .705 

To complete the stress picture in the 26  thick 
side slab consider the effect of this load.  Each 
nominal side slab has a section modulus of 9,200 in.J 

Z ■ bd2       b ■ 82 
"T*      d - 26 

The resultant flexure stress on the side members 
approximately U» down from the top is 8,000 PSI. 

8h - M - 762 x 2000 X U6  - 8,000 PSI 
Z        9,200 

Choice of 762 tons, half the total side load of 
1525 tons, was due to the action of both vertical 
slabs to divide any side load transmitted through the 
top ram bushing by the 2U" diameter column. 

Rote that for eccentric loading 90° away from the 
axis discussed, the side members will be stiffer and 
stronger by thi ratio of - 28.600 - 1,3.15«1.  Therefore, 

9,200 
for the example previously cited the flexure stress In 
til  simp" side ?ost will be 8.000. only 2,500 PSI in the 
strong axis. 3-15 
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Ill Plan 
Explanation of 

Fortran Plan for 
Machine Design 
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The latest. Fortran Plan is Included here for 
reference.  The scope of this machine design task was 
very wide.  Mote that this Fortran is written for a 
two piece ra«-column with a sow type of key. 

Prior to this design, the present Fortran was 
written for bolted gland type of connection which 
proved too ponderous to be practical. 

Even the sow key lock which we have fully pro- 
grammed and proportioned is far inferior to an 
integral ram design.  When it was determined that a 
one piece integral ram-column was practically feasible, 
we abandoned all thought of any other alternative. 
No further Fortran was programmed and hand computations 
of design relationships of the one piece ram-column 
to the total machine environment were then made. 

Summarlitng 

Fortran expressions for Program III attempted to 
store as many of the designers key input specifications 
as possible and relate them to critical stresses im- 
posed by a combination of static pressures and dynamic 
inertia forces.  With this scheme, it was felt that 
danger areas could be pinpointed early in the program. 
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List of Key Design Statistics 

(Refer to Drawing 10523) 
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EXPLODED   VIEW 
WITH     KEY 
FE-ATURES 
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A   Net clamping area of 
(36) 3" «tud« (root 
diameter undercut) to 
2 13/16 diameter. 

COMPUTATIOM mm 
(36) 6.2 in.2   225 in.2 

B   Shear area of main 
structure dowels (12) 
1»" ciameter in both 
prinsipal planes. 

D   Total side bridge area 
(I») gibs and (1) ram 
bush.  (Same in both 
principal planes) 

(12) 12.566 

Sect'on modulus of ram   2lt3 (.1) 
at base (before radius) 
2k"   diameter 

(It) x 5 1/2 x 
11 - 2U0 

17 x 21» »■ ItlO 

E 1. Section modulus of b ■ 82 
side post (weak axis) d > 26 
bd2 

150 in.2 

1380 in.3 

650 in.' 

9.200 in.3 

2.  Section modulus of   b - 82 
side post (strong axis)  d - 26 

28,600 in.3 

3.  Vertical load area   26 x 82 2,150 in.2 

k.     Axial stress in (3)  1*52 x 2000 
due to 2000 PSI thrust   (2) 2,150 
on 21»" ram. 

210 PSI - Note 
unusual stiff- 
ness and stability 
as a guide housing. 

5.  Shear area of T-gib  3 x 170 
retainer 

510 in.2 
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1.     Shear   area  of 
retainer. 

COMPUTATIOH 

T-glb     2  1/2   x  156 

VALUE 

390   i".' 

2.      (17)   2"   -   8H   gib 
bolts   area   at   root 
diameter 

1 13/6 root 
area - 3.58 
In.2 

UU   In.2 

3.  Side post key 
(bearing area) 

1 13/16 x 36" 
x 3/slde 
(takes into 
account 
chambers) 

200 in.^ single 
side post 

The sturdy axis of the machine is actually front 
to back rather than side to side, due to the 3 fold 
stronger and atlffer side posts in this direction. 
The dowels 'A* off course are equally strong in all 
planes and so transmit their loading equally well 
front to back. 

Consideration of eccentric loading front to back 
leads to an examination of how the gib holders (7) 
are retained by a T-head im egrally machined into 
slab Ec.  Shear area E5 in i he side posts has been 
purposely made stronger than its mating gib ledge 
Fi, $10 In.2 shear area side post versus 390 in.2 

for the gib.  The proportions of these tounges have 
been selected to minimise flexure stresses and allow 
relatively higher criteria determine design load 
capability. 
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Allow for the sake of visualizing what is going 
on, stressing of the (17) 2" gib retainer bolts to a 
conservative tensile stress of 10t000 PSI at their root 
diameters. 

Therefore, on their pitch line one row of gib bolts 
will safely resist a force of 10,000 PSI x (1»U In.2) 
UUO.OOO pounds.  Upon studying chart I, it will be 
noticed however that the center of the gib taking the 
loading from the ram has a greater moment arm about 
the corner, 19 1/1»", than the bolt leverage of 10 3/k". 
Therefore, the bolt moment is reduced to, 10 3/j* x 

19 l/S 
UUO.O'OO pouYids, 2l»5,üOO pounds at the gib load line. 
Summarizing this sustains 2k5   tons by use of the gib 
bolts on two side posts against front to back loading, 
which is the strong side of the side posts. 

Now consider the built in T-ledge which have a 
favorable moment arm relationship towards loading in 
the front to back direction.  From chart II F-l permit 
6000 PSI shear to be applied to an area of 390 in.2 

per side,post.  Ton reaction is then, 6000 x 390, 1,170, 
2000 

which taking into account the favorable arms causing 
turning of the gib corresponds to, 33 1A x 1,170 

19 IM 
tons/gib x 2 gibs, 4,000 tons.  Adding the slight 
helpful effect of the gib bolts gives a safe resistance 
to front to back movement of kt2h3  tons. 

This brings us to a consideration of how this load 
will be transmitted into the side posts; Chart II yields 
the bridge area of this side post key F-3 and from this 
area we compute the maximum frame bearing stress under 
the U,245 front to  back load as, U2U5 x 2000      ■ 

(2) 200 
21,230 PSI.  This is a very reasonable bearing stress 
and a thicker key with a deeper groove in the side posts 
and gib retainer would merely increase flexure stresses 
in the notch without any useful result.  Longer keys of 
course are possible but the present arrangement with 
the (3) short lengths of key facilitate key and gib 
removal and access to replace the main rams. 
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Summarizing Design Details 
from Previous Text and 

Referencing Them to Artvork 
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(A)  18/conn. 3"-8K alloy steel studs ^3k0   35-36 
Re total separating retlstance are: based on (36) z 
2 13/16 root areas equals 6.21 In.2 x 36 » 225 in.2 

with relatively small alloy studs having minimum 
tensile strength of 200,000 PSI it would be safe to 
stress studs to 50,000 PSI at which stress they would 
have a capability of resisting, 225 x 25 TSI, 5,700 
Tons.  The maximum thrust of our actuator at 2000 PSI 
fire pressure being only '«52 tons.  Therefore, it can 
be seen that the machine has a considerable margin of 
reserve strength to accomodate undetermined eccentric 
forging loads and still maintain stiffness required 
for good guidance of rams. 

(B)  The (6) It" diameter dowel per column offer 
equals resistance strength to unknown loading tending 
to cause translation and resultant loss of guidance 
system stiffness.  Total shear area of (12) dowels is, 
l»2 x .78k   x 12, 110   in.2, at a shear stress of 20,500 
PSI these alloy dowels take a 1550 ton side load in 
any direction. 

(C) The drawir, g depicts the large section modulus 
resisting rotating forces on the frame assembly. Note 
this section modulus is 1380 In.3 

(D) Each corner 5 1/2 x 11 area of 53 in.2 area 
x h   sets side means that 220 in.2 bridge area for side 
loads on rails per ram. 

(E) Weak axis section modulus of slab side frame 
equals 9,200 in.3 

(F) Note the manner of loading the slabs from 
the gib holders utilizes the full strength of all 
members by means of T-shaped projections of the slabs 
and rectangular keys axlally located.  The strength 
of the combination does not directly depend on gib 
fastener bolt (F) which merely affix this member to 
the slab sides (£).  Slab T section impart a clamping 
moment to gib holders which is favorable leverage 
compared to gib loading of rams.  Hence the ledge 
strength of slab T section will be increased by the 
ratio of their respective moment arms, 33 lM/19 I/1», 
1.7 to 1.  The section modulus of the T shape (Fl) is 
as follows - 
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Z . bd
2 b = length oiT gib holder - 156" 

(5~ d ■ depth T section ■ 3 

Z - 156 x 9   =  235 in.3 ? v 
The flexure moment arm is approximately 1/2 the 

ledge T projection equals 1 1/2".  Therefore, at 
10,000 PSI maximum flexure the ledge can withstand 

load P in tons. 

•■O^OO PSI » P x 1 1/2" x 2000 
235 

"  235 
1 1/2 

x 5 => 780 Tons 

Multiplying this ledge T-section safe load by the 
favorable leverage ratio we find that the equivalent 
load each slab can sustain is - 780 x 1.7 '   1.320 Tons. 
Since there are two side members the total front to 
back safe loading that can be applied to slabs (E) 
based on interlocking T-section is equal to 2,6U0 Tons. 
Of course this many alloy 2" studs attaching the gib 
holder to the slab will considerably add additional 
side load capability.  However, since the integral 
T-section strength is so great, 2,6U0 tons with a 
factor of «»fety of 5, we prefer to consider that 
the T-section Is used to prevent the gib bolts from 
seeing peak side loads can eliminat- bolt maintenance 
attention due to stretching and lo^joning. 
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Column Cap 

Jack Rotating Device 

Bor 11 - 16"Diamet:er 

Fullback 
Area = 167 in 

tlü. Rod Diameter 
= 6 1/2 

HT 
T - HD 
GDP 10 = 5" 

Separate 5 1/2 —*—— 
Square Gib Ram Shoes 
Doweled and Bolted in 
; lace 

Fixed Trc oone 

Fluid Passages 

Ram Ejector 

Upper and Lower 
Rams Identical • 

Cushion Cylindo 
6 Diameter Ram 
See Program IV 
For Further 
Explanation 

Cap 

li MILLION FT. LB. 

FORGING MACHINE 

MODEL 2436 

PICTORIAL  READOUT 
FINAL   PROGRAM   III 3-2 
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Structure stud Detail #7 
Increased Over Computed Size to 3" 

jack Wall Thk. 
Wal 11 = 1-1/2 , 

Fire Chamber 
Stud #9 3" 

Section 
Modulus 
2,360 in" 

CBTH3 = 17 
Detail #3 

Jack Stud #12 
- 3 

li MILLION FT.  LB. 

FORGING MACHINE 

MODEL 2436 

-PICTORIAL REftnOTIT - 
FINAL  PROGRAM  IZI3.3 
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0<V<t,.., 82" 

Max.,section 
modulus at base 
.3 = 1,380 in. 

2 13/16 root 
dia. 

Total stud 
area for 
clamping top 
pr to side 
posts 
(6.21 x 36) = 

225 in2 

@10,000 PSI 
Tons = 225x10.POO 

2, P00 
Tons = 1225 
Max. ram thrusjt 
@2000 PSI'= 

452 Tons 

(36) 
3" studs 
anchor top 
pi to side 
posts. 

Section 
ir.odulus of 
side posts 
9,200 in3 

(weak axis) 

(E) 

Direct axial   stress  in anc 
studs   is  only 452/1225  x  10, = 3,700  PSI   tension 

li MILLION FT.  LB. 

FORGING MACHINE 

MODEL 2436 

CHART  ii 
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COMPUTER PROGRAM IV 

Fortran Plan 
Explanation 

Dynamic Study 
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Note that the result* «re similar tc Program I. 
Many of the Fortran cards from I have been used to 
form number IV program. 

The I program has been modified considerably to 
show the more complex dynamics of the cushion system. 

Inputs for the fire chamber system are identical to 
Program I.  The input data, however, had at this time 
been brought up to date with the results of Programs 
II and III. 

Several cushion cylinder diameter trials vere 
selected before choice of 6" diameter cushion rams. 
Larger and smaller rams would not satisfy two im- 
portant sets of criteria. 

First the pressure drop (DPIR) between the cushion 
tank and rams must be a small fraction of cushion 
cylinder "set pressure."  This is necessary to avoid 
cavitating the cushion system and so cause excessive 
air entrainment.  And secondly, the cushion ram must 
have enough area to contain the after impact downward 
reaction with safe and reasonable pressures. 

A more sophisticated program built on top of 
Program I was developed to better understand the 
physical parameters affecting the cushion syatem. 

The following changes were made to Program I: 

I - Program IV did not assume cushion pressure 
to be constant.  Instead it computed pressure 
in the cushion cylinders as an output for any 
size cylinder and plumbing combination of I.D. 
and length, "DPIR" or pressure drop between 
cushion tank and cylinders was printed out 
for a simulated Impact seen at Intervals of 
12/1000 seconds until impact. 

II - Viscosity of the fluid, friction factor 
of thi connecting pipe and Reynolds numbers 
during the very rapid advance of the fluid 
cushion system were taken into account in 
Fortran computations. 
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III - Friction on all U-eup seals was computed 
Dated on actual seal length, instant pressure 
and friction factor of .2. 

IV - Conditions after impact were also investi- 
gated.  Excess momentum and cushion pressures 
required to safely de-accelerate holster were 
determined and printed out on worksheet«. 

The program also measured the downward movement 
of the rams Immediately after impact.  Pressures in 
the cushion system required to produce the arresting 
moveaent are input values to program and are printed 
out as "cushion relief setting."  The time required 
to arrest after impact movement for any particular 
comhinatlcn of cushion cylinder diameter and pressure 
was printed out en readout sheet. 

The printout indicated that criteria are reasonably 
net.  The maximum "DPIR" or pressure drop for the run 
wl. 338 PSI or approximately 56» of the initial 600 
PSI in the cushion tank.  On previous runs with an 8 
diameter cushion cylinder "DPIR" was *'"*" **»» l00* 
of cushion set pressure.  For the 6" di"e*" "■" •  t 
cushion pip« velocity was u reasonahle maximum 71 feet 
Jer second and corresponded to a Reynolds number of 
85,037. 

Cushioning after impact which is the primary function 
of this system appears very attractive witn the two 6 
diameter rams. 

A relief valve setting of 2500 PSI causes a de- 
celeration of both rams after impact of approximately 
1/3 of * '0', resulting in a stopping distance or 
approximately 1" in 6l milliseconds of time. 

». te that this program yields a maximum impact 
velocUy of approximately 632 Inches per second at 
i 590 029 foot pounds approximate rated energy.  Tß« 
conJ«!a?i'rU«t bei" that only 1300 PSI fir. 
nr»ssure was required to produce rated energy,  Tne 
5«" Slchine his been designed to safely accomodate 
2000 PSI fire pressure in both the gas ram and oil 
hydraulic system. 
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Discussion of IV  Printout 
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Thi« last dynamic run was made to bracket the 
capability of the machine.  Note that fire pressure 
has been «et for its maximum design limit of 2000 PSI. 
With cushion pressure set relatively high, 1000 PSI, 
to reduce gravity affects on the lower ram an energy 
output of 2,075,800 foot-pounds vas developed taking 
Into account a computer Integrated allowance for 
U-cup seal friction during the adiabatic gas expansion 
in both fire chambers.  Also note that both rams met 
very close to mid stroke so utilizing both Jack systems 
efficiently.  The machine still has additional reserve 
energy capability since there is the possibility of 
increasing the stroke an additional 5 1/2".  However, 
it was felt that most forglngs would have more ideal 
and faster cycles with a 30 1/2" total metal forming 
stroke.  The percentage departure from ideal mid 
stroke impact being only 3/1»"     5*.  It is interest- 

15 I/1»" 
ing to compare the effect of cushion system relief 
valve setting on the arresting of both rams after 
impact.  Note that a relief valve setting of 2,673 
PSI (AIMTE) completely absorbs the kinetic, 6,391 
foot-pounds and potential, 175,196 foot-pounds, energy 
after impact.  Also note the unusually small excess 
kinetic energy that is available after impact, 6,391 
foot-pounds, that Is only capable of producing a 
downward after impact velocity of 20 inches per second 
to the two ram systems.  When the relief in the cushion 
system is set at 3500 PSI the after impact downward 
motion is arrested after a travel of only 3/8" and 
takes only 36 milliseconds to come to a full stop. 
The maximum flow over the cushion relief valve 
immediately after impact is - 

28.23 in.2 x 2 cgls x 20"/Bec x 60 - 292 GPM 
231 in.-Vgall 

To insure best performance two relief valves will 
be used, both of them having a 5000 PSI rating.  A 
1 1/2" direct acting Rexroth having unusually fast 
response will be the prime setting and it will be 
backed up by a 2" pilot operated denison, #RIV 32-535 
set 50 PSI higher than the Rexroth in order to control 
the Initial peak momentary surge.  The supporting 
pipe system will be adequately designed for 5000 PSI 
to take momentary peaks that will rise above the basic 
setting of the cushion relief valves. 
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COMPUTER   PROGRAM  V 

Hydraulic   Accumuiator  System  Computar   Study 
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APPROACH 

A computer study. Plat« XIII, of hydraulic «ystem 
characteristics, as Up and Down Jack time, to complete 
a 36 inch stroke was varied from 1 to 13 seconds. 

ESTABLISHED DESIGM CRITERIA AS AM IHPUT TO COMPUTER 
PROGRAM 

From previous studies, the key dimensions of the 
oil operated Jacks and gas rams were determined. 

LIST KEY DIMEHSIONS 

1. Gas ram diameter -2h" 

2. Gas ram pressure (to 
develop rated energy 
of 1-1/2 million 
foot-pounds) -11*00 psi 

3. Jack piston diameter -16" 

It.  Jack rod diameter -6-1/2" 

3,  Maximum forging ram 
stroke (Total) -36" 

COMPUTER PLAH (FORTRAM) 

The plan was set up to take inputs listed above 
as key dimensions 1 through 5 and give an indication 
of hydraulic system characteriatics for different rates 
of performance.  The computer print-out would first 
give the characteristics for a 1 second time to make 
the complete stroke, and then add a second to the 
cycle and print out new outputs for the next yycle 
time, e.g. 2 seconds.  When the stroke time reached 
13 seconds, 13 steps of data, additional stored input 
data was printed out and the program terminated. 

Additional input data that was printed out covered 
the following numbered inputs, 1 through 6. 
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-.025 

Pipe I.D. 
Pip« Length 
(Branch pip« 
Breakdown) 

ADDITIOHAL INPUTS TO COMPUTER PROGRAM 

1. Pipe friction factor 

2. Plumbing data 

3. Oil cylinder piston and rod size 

k.     Gas ram diameter and pressure 

3.     Gas ram veight since the Jack cylinder pressure 
is partially determined by it 

6.  Accumulator charge pressure 

BASIC CONCEPTS USED IH THE FORTRAH PLAM 

1, Pipe Pressure Drop - Based on empirical pipe 
data, friction factor and Reynolds number. 

2, Cylinder Motion due to Accumulator - Based on 
NET pressure in cylinder after computing pressure 
drop above, balance pressure to overcome a gas 
cylinder load and F-MA. 

3, "Lohm" Concept of Pining Resistance - Hakes 
piping losses analogous to electrical resistance 
and so lends itself to simple analysis.  Based 
on LOHM Laws of "Lee Co.," Westbrook, Connecticut. 

PIPING NETWORK ALLOWANCE FLOW RESISTANCE FOR VARYING TIME 

Permiss 
puted time 
Lohm values 
of the actu 
and Judgmen 
selected pi 
pressure. 
error proce 
laborious h 
losses. 

ible piping r 
and accumulat 
printed out 

al piping los 
t made aliout 
pe size or in 
Selecting pip 
dure but the 
and computati 

esintance in Lohma for the com- 
or cliarge pressure.  From the 
as UI.OHM and RLOHM, a comparison 
ses in Lohms can be determined 
increasing or reducing the 
crease accumulator charge 
e size is still a trial and 
computer print-out eliminates 
ons involving network piping 

83 



■; ^'■r.TOVfwWPFir:WTf.>:''^r'- 

"TLOHM"   OR  TOTAL  PIPIMG  RESISTANCE   PRIMT~OUT  MEAHIHG   IM 
RKLATIOM   TO   "ULOHH" "" 

Actual   piping  network  loaaes   baaed  on   network   of 
input  pipe   diameters   and lengths,   friction  factor  and 
Reynolds  Number was   printed  out   as  TLOHM.     Since  our 
computations   assumed  a  constant  value  for   friction 
factor,   its  value vas   constant  in  the  print-out. 
MOTE that  where  the  piping  resistance  determining 
retraction   speed,   ULOHM,   exceeds   the  value   of  TLOHM, 
that  time  value   is  the  limiting  performarce  that   can 
be  obtained  for the   input  conditions  stated.     In  this 
case,   a  three-second  time  for Jack  Return  requires   a 
piping  resistance not  to exceed   .716  LOHM with  a  3500 
psl  accumualtor  charge  and  IkQO  psi  Fire  Pressure   in  the 
gas  cylinder.     Since   .716 LOHMS   is   only   slightly  greater 
than the   .6   (TLOHM)   value,   the  accumulator  and plumbing 
system  can  effect  jack  retraction   in three  seconds. 

(FORTRAM   PLAH)   REGENERATIVE   VS.   PREFILL   CONCEPT 

A   study   of  the   computer  print-out   sheet,   fifth 
column,   under   the  heading AGPMR   Indicates   rlow   rates 
for accumulator  rapid  advance  of  the  jack  cylinder   in 
a regenerating mode.     This   initial  idea has  since  been 
discarded  in  favor of a simple   low pressure prefill 
system to  advance  the  Jacks   into  the  rams   after  firing 
for the   following  reasons.. 

DIBADYAETAOES   OF  HIGH   PRESSURE   REGENERATIVE  SYSTEM 

1. Required additional  high  pressure  valves   and 
piping. 

2. Consumed 10   gallons   of high  pressure  accumulator 
fluid,   thus   reducing  capaoity  for  the main   task 
of  retracting the  Jacks   against   a  gap  resistance. 
The  main task  requires   92  gallon*. 

ADVANTAGES   OF   A  PREFILL  SYSTEM 

By  utilising a  low pressure   nitrogen-fluid  vessel 
to advance  the   Jacks   without  a  load,  the   above  two 
objections   are  overcome  and  a much  simpler  eireuit 
results. 
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FINAL CIRCUIT 

The final circuit la »Imllar to Plate VII but 
several modification» hav« been made as follows. 
The n//w circuit is chown on Plate VIII. 

1. A common set of accumulators to control 
upper and lower Jack systems eliminate 
considerable redundancy and assures 
reliability. 

2. A single prefill vessel replaces the original 
concept using four prefill vessels Instead of 
depending on the original short run for low 
pressure drop, giant pipes, 8-inch SCH .80 
carry exhaust and prefill fluid back to 
prefill and gravity vessels located in a 
pump room below the floor.  In comparing 
Plates VII and VIII, note that one prefill 
vessel replaces four and one gravity tank 
replacea two in the new arrangement. 

WATKH HAMMER OR FLUID IMERTIA EFFECT 

The best feature of the circuit on Plate VII has 
been retained in regard to having the main control 
valves 1, 2, 3, and their counterparts in the lower 
cylinder system 1A, 2A and 3A remain close to cylinder 
ports.  By keeping these valves as close to their 
respective cylinder ports as possible, the Inertia 
effect of rapid opening is reduced to minimum pressure 
override. 
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APPENDIX IV 

El«ctric*l Control System 
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I.  MAIM STEPPERS 

The automatic events are categorised aa follovst 

1. Main automatic sequence. 

2. Jack rotary locks« 

3«  Prefill or Jack rapid advance cycle. 

k.     Jack retraction cycle. 

Each of these categories ia controlled by a separata 
stepping relay, insuring that all the events in each 
category take place in the proper sequence.  (See Charts 
1 through U.) 

The following explanation covers each separate 
stepper. 

1.  XMT - Automatic 

Note the automatic stepper coil and ready light 
on lines 20, 21 and 2k.     The ready light on line 21» 
indicates that all principal aafety features and initial 
conditions have been met.  The main safeties are that 
both rama are retracted, RLS-1, and the trigger vent 
pressure is open to atmosphere, RPS-TV, indicating a 
safe seal condition prior to rotating the Jacks to 
clear the rams.  Secondary functions regarding the 
main control pilot operated check are also monitored. 
If a pilot valve should mechanically stick, causing 
one of these valves to open out of sequence, the 
permission light would not advance to its Ho. 2 
position on command, thus avoiding a poasible malfunction. 

From a study of each stepper logic cam chart, 
it can be seen that a particular function must take 
place before the stepper moves to its next number. 
For simplified trouble-shooting, all four (U) steppers 
will be located behind a transparent panel in view of 
the operator.  In this way, a cycle arrest can be 
quickly pinpointed to its cause by noting the stepper 
numbers. 
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2.  Lock«. Preftll »nd Jack Retr»etlon 

The Locki (Chart 2), Prefill (Chart 3), and 
Jack Retraction (Chart U) atepper« ■aquenee through their 
cycles baaed on proper events occurring at proper inter- 
vals.  If a malfunction occurs, the atepper will remain 
in its last numbered position.  The operator can then 
view the last numbered position through the transparent 
panel and take proper action for subsequent trouble- 
shooting. 

II,  CYCLE COUHT CIRCUIT RELAYS H101 - RIOU 

The heart of the electrics is the capability of 
multi-hit utilixation.  The operator can set his 
selection control for 1, 2 or 3 hits.  The machine 
will then recycle and the respective ejectors will 
become effective only on the last hit. 

In addition, the same count circuits will cut-in 
the main accumulators for an energy burst as selected 
from the control desk.  Here again the operator can 
set the time periods of accumulator energy release 
by selector control from his desk. 

III.  EJECTOR TIMER COMTROL IH COHJUHCTIOH WITH MULTI-HITS 

Selector Off-0n on line 12 puts the ejector out of 
cycle if not required.  If it is required, the count of 
number of hits selector must be set as desired.  For 
example, for three (3) hits, the count circuit is so 
interlocked that a feed to the main Eagle timers, 192 
TR's, line 175 and line 177, will only be energised if 
two qualifications are satisfied.  The first qualifica- 
tion is that UM-2 on line 12 is closed.  This will only 
occur when the ram starts up. 

However, one qualification is not sufficient to fire 
the Eagle timers.  Therefore, the press will hit three 
times in succession before picking up the count relay 
R103 on line 17'*. 

As the timer 1 TR times-out, an adjustable dwell 
occurs prior to ejection and subsequent to the Jacks 
starting up.  At the conclusion of this dwell, delay 
contact k~3  on line 176 fires the second timer, 2 TR, 
in the same manner. 
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BULLETIN 910C-1 
CIRCUIT DESIGN CHART 

FOR BUUITIN 910 SIMP SWITCH 
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BULLETIN  910C-1 
CIRCUIT DESIGN CHART 

FOR  BULLETIN 910  STiP SWITCH 
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BULLETIN 910C-1 
CIRCUIT  DESIGN CHART 

FOR  BULLETIN 910 STIP SWITCH 

PRE FILL 

3MT 

1     1 - 1 1  

r^ 

*• 
u 

Ui   .. 

»** 

s 
r"» 

CM 

^5 

i2 
i u 

1 

-~ 
2 H XOCyiHSJlHI Ml * 
•<• M H M H M H u    m i. 
- M M M H M H H H M M H N H H ONIHOH I« i 
r»* H •is cms an i 

H in ^ 
< 
O 

X 

Q 

9 
U 

* M SOCKIHSIMI XU £ 
^ M •MS d&LS XR  T 
m M H TIlÄüfHct XH0I1 ICyiI<T 
rx M H M M H M W W u   ia 

M X H M M X M XTMH ZH 
M u. M^ M-, ML faU tl. a M M M M M 

savoi i/it-ililL. «*i «>> W •" •« r^ - ^ S *4 •^ 2 M> •• 

C9 
> uj a. • 
S^ft S p p n o O c> S 

N
T

R
O

l 
A

D
V

A
 

N
E

X
T 1 o 

& ^ I 2 23 
n « « pLf PL| PM P4 « « fL| pL| &* 

oo •^ P3 l | ) 1 l t-3 1 i | 
u" 1 EH d rp CM W rQ nj 1 Ui m CM cö 1 a S a a s ä S s s § 3 g s 

£      11   • 
"•82. 
o    •   «   «    • 
o 

z 
o 

z 

1- o _*    o 
2 * 
0. 2 *    O 
O M i-t oe s 1 
* 
0 1 1 i 

03 

s 
• 

C
O

N
TA

C
T 

S
W

IT
C

H
 

SY
 

R
EN

EA
A

A
 1

 

s e ä e r c e r 

M 

Hl g c e e 
o 

c c 5 
O s   . n ö M -< H 

TY
PE

 N
O

. 

SE
R

IA
L 

N
 

V
O

LT
S
 

1!
 

N
O

. 
C

K
TS

 

ST
EP

PI
N

G
 

R
O

TA
R

Y
 

EN
C

LO
SU

 

s c | £ i 
91 



BULLETIN 910C-1 
CIRCUIT DESIGN CHART 

FOR  BUUITIN  910 STIP  SWITCH 

TACK RETRACTION 

4MT 

i 
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D5TAILED BXPIANATION OF COUNT R51AXS 

AHO HOW THffY CONTROL BOTH  EJSCTCRS 

AND ACCUMUIATORS WO AND THRU. 

COUNTING 

1 COUNT; 

Count  Bslector switch  Is  turned to 1 count.     "I hit" 
pilot light  is energized.    Thereafter: 

1) Start button is pressed,   eneraizing relay R-101 
and 1 MT  step switch 

a)  Contact 9-101-1   closes. 
Step switch 1MT advances to position 2. 
Contact -iMT-T closes,  maintaining relay 
R-101 circuit,   in series with contact R-101-1. 

d)  "1  cycle" pilot light is energized,   indicating 
first cycle is  in progress. 

(Note:   Start button contact must be  closed for 
period longer than 1/10 second) . 

2) Process takes place,   cutting in step switches a(T, 
3MT and AMT,   as programmed,   afterwhich 1MT 
completes its cycle,  and self steps to position 1. 

a) contact 1MT-7 opens in position 1,   acting as a 
"stop" button,   and dropping out relay R-101. 

b) 1 cycle pilot  light is deenergized. 

Single  cycle  is  concluded. 

2 COUNTS; 

Count  selector switch   is turned to 2 ccunts.     "2  hit" 
pilot light  is energized.      Thereafter: 

3) Starting is accomplished as described in paragraph 
2)  above. 

4) process  takes place,   cutting in step  switches  2MT, 
3MT and 4MT,   as programmed,  afterwhich 1 MT 
completes its cycle,   and self steps to position 1. 

5) In position 12,   contact 1MT-8 closes,   energizing 
relay R-102 and  "2  cycles" pilot light. 

a) Contact R-102-1 opens,   deenergizing 1 cycle pilot. 
b) Contact R-102-2 closes,   placing this contact in 

parallel with contact 1MT-7. 
c) Contact R-102-3  closes,  maintaining relay R-102 

circuit. 
d) Contact R-102-A closes,   setting up  relay R-10A 

for later energization. 
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2  COUNTS;    (Cont'd) 

6) On arriving la position 1,   even thouah contact  lKT-7 
opens,   relay R-101 does not  drop out,   as  contact 
R-102-2  shunts open contact  lMT-7. 

7) Step switch 1MT  launedlately  steps  to position 2. 

P)    Second   cycle process  takes  place,   cutting In  step 
switches 2MT,  3MT and ^MT,   as progranmed,   afterwhlch 
1MT  completes  Its  cycle,   ^.nd  self steps to position 1. 

9) In position 10,   contact 1MT-10 closed,   enerctlzlng 
relay R-10A: 

a) Contact R-104-1 ooens,   removing  shunting effect 
of   contact R-102-2 around  contact lMT-7- 

b) contact R-104-2 closes,   maintaining relay R-10A 
circuit. 

10) Now opening of   contact lMT-7  In position 1,   acts  as 
"stop"   button and drops out  relay R-101. 

Contact  R-101-1   opens,   also deenergizing relays 
R-102 and R-10A,   and 2 cycles  pilot  light. 

All holding circuits are  removed,   and process  Is 
In Its deenerc-ized position. 

Two cycles are   concluded. 

3 COOITTS: 

Count  selector switch is turned  to 3  counts,   closing 
different  contacts on various lines.     "3  hit" pilot 
light is energized.       Thereafter: 

11) Starting is accomplished as described in paragraph 
2)  above 

12) Process takes place,   cutting in step switches 2MT, 
3MT and  AMT,   as programmed,   afterwhlch 1MT 
completes  its  cycle,   and self  steps  to position 1. 

13) In position 12,   contact 1MT-8 closes,   energizing 
relay R-102 and   "2 cycles"  pilot light: 

a) contact R-102-1 opens,   deenersizing 1  cycle  pilot. 
b) Contact R-102-2 closes,   placing this contact  in 

parallel with contact 1MT-7. 
c) Contact R-102-3  closes,   maintaining relay R-102 

circuit. 
d) Contact R-102-4 closes,   but has no effect in 

the  circuit. 
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3  COUNTS:   (Cont'd) 

14) On arriving  In position 1,   even though  contact 1MT-7 
opens»   relay R-101 does not drop out,   as contact 
R-102-2  shunts open contact 1MT-7. 

15) Stev switch 1MT  Immediately steps to position 2. 

16) Second cycle process takes place,   cutting in step 
switches 2MT,   3MT and 4Mf,  as prograimed,  afterwhich 
1MT completes its  cycle,  and self steps to position 1. 

17) In position 11,   contact 1MT-9 closes,   energizing 
relay R-103 and "3 cycles" pilot light,   ladioating 
3rd cycle in progress: 

a)  Contact R-103-1 closes,  placing this contact in 
parallel with contact 1MT-7. 

Contact R-103-2 opens,   deenergizlng 2  cycle pilot. 
Contact R-103-3  closes,  maintaining relay R-103 

circuit, 
d)  Contact R-103-4 closes,   setting up relay R-104 

for later energization. 

Si 

18) On arriving in position 1,   even though contact 1MT-7 
opens,   relay R-101 does not drop out,   as contacts 
R-102-2 and R-103-1  shunts open contact 1MT-7- 

19) Step switch 1MT  immediately steps to position 2. 

20) Third cycle process takes place,   cutting in step 
switches 2MT,   3MT and 4MT,  as programmed,  afterwhich 
1MT completes  its cycle,  and self steps to position 1. 

21) In position 10,   contact 1MT-10 closed,  energizing 
relay R-104. 

a) contact R-10"-! opens,   removing shunting effect 
of contact R-102-2 around contact 1MT-7. 

b) contact R-104-2 closes,  maintaining relay R-104 
circuit. 

22) Now opening of  contact 1MT-7 in position 1,   acts as 
"stop" button and drops out  relay R-101. 

Contact R-101-1 opens,  also deenergizlng relays 
R-102,   R-103  and R104 and 3  cycles pilot light. 

All holding circuits are removed,   and process Is 
in its deeiiergized position. 

Three cycles are  concluded. 
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JACK. EJECTOR AMD COUNTERBALANCE ACCUMULATOR BY-PASS 
CONTROLS 

These three identical systems are controlled by a 
high-low pressure switch which puts the respective 
pump on Pr until the accumulator is charged.  When 
the accumulator is charged, the high Pr switch contact 
opens, thereby ue-energlzing the by-pass relay and 
solenoid. 

107 



HA 

112 t" 

113 

114 

115 

t 
HA 

LOW 

yO-—_ö- 

PS3-JACC. DUAL PR. SW. 

HIGH 

37 ^i i 

R16 
Hl— 
R16 
■4t- 

JACK ACCUM. 
n BY-PASS CONTROL 

L-JACC-LOW 

 Cc 29LT 

L-JACC-HIOII 

—-a 30LT 

R 
\ 17 

ON-ABOVE   LOW 

PUTS   JACK 
-,    i f   }- ■    •—f    PUMPS   ON   PR. 
'        y EN-SV-16 

ON-   ON   HIOH 

CLOSES   ACCUM. 
TO   TANK 
EN-SV-17 

108 



HA 

l    !  

117 t '—7°- 0" 

113 

119 

121 *■- 

LOW 

ar 

p.ii 

:   Rii 
120 * *-- 

PS3-JACC. DUAL PR. SW. 

HIGH 

-p0- A 

EJ. ACCUM. CONTRC 

L-JACC-LOW 

G 31LT 

^> 

L-EJ ACC.-HICH 

*■  ON-ABOVE LOW 

EJECTOR ACCUM. 
4 PUMP ON PR. 

SV11 

U 32LT *•   ON- ON HIGH 

13. 
CLOSES ACCUM. 

* TO TANK 
SV13 

HA 

109 



123 

RIO 

L -CBACC-LOW 

ON-ABOVE   LOW 

PUTS   C-B   PUMP 
4   ON   PR. 

SV9 

L-CBACC-HIGH —a 34LT 
ON-   ON   Hir-K 

CLOSES  ACCUM. 
^   TO   TANK 

SV10 

HA 

110 



PREFILL VESSEL 

Th« "Sonac" level control devices are located In 
the wells of the vessel in a vertical array.  When the 
fluid level is low, relay R-PRE-L and light L-PRE-L 
are energised automatically.  The energizing of this 
relay causes R-15 and SV-15 to be energized, filling 
the prefill vessel from the Jack accumulator bank. 
When the fluid level reaches a point above the lowest 
Sonac, the lower light, L-PRE-L, goes out.  The level 
contrinues to rise until the center Sonac is actuated, 
energizing the center light, L-PRE-C.  If, for some 
reason, the level continues to rise, possibly due to 
leakage, the upper Sonac, LC-l-H, will be actuated. 
This Sonac will light L-PRE-H and energize relay R-PRE-H. 
When all three Sonacs are actuated, relay R-l"» and its 
holding contact lock-lh.  This high level condition 
energizes the sequence relay which extinguishes the 
center light until the fluid level falls to the actuating 
level of the center Sonac, causing the center light to 
be illuminated again.  Note that the level has dropped 
due to R-PRE-H and relay R-lU energizing the drain 
valve SV-lU, causing the excess prefill fluid to empty 
into the gravity tank. 
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GRAVITY VESSEL COMTROI, li LOCKS OPEM ALARM 

If «Ithar high or d»ag«roualy low fluid l«v*l 
occur» in th« gravity tan'-, an audio alar« will aound. 
The Ban« warning occurs if 1 TD timaa-out baforc tha 
normal time required for lock opening.  (See line 203«} 
Note that stepping contact 2 MT-2 corresponds to the 
normal sequence steps for opening the locks.  Therefore, 
if 1 TD times-in while the 2 MT-2 is still closed, the 
alarm will sound.  The operator can silence the alarm 
by depressing the silence push button.  However, the 
relay system retains a memory effect for the malfunction 
and stores the malfunction data through relays R-105 
and R-106 and their respective pilot lights. 
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COMPRESSOR   I   MOTOH   CONTROLS 

Both   compramorB   »re   controlled by a  dual  prstiur« 
■witch  which   connected  to   the  high  prttsur«   receirar. 
The   circuit   is  high-low  enabling  automatic   cut-in  and 
cut-out  of  the  eoapresaor   depending  on the  setting  of 
the   Pr   switch.     The  Pr   switch  must  be mounted  adjacent 
to   the   receiver Pr  gauge   on  the   console   so  that   settings 
can  be   made   easily.     A   four  position   selector,   SM-CM-1-2, 
controls   both   compressor  motors. 
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SJBCT0R8  -  TOP AND BOTTOM 

CIRCUIT FBATURSS: 

a) rj«etlon may b« omlttad from automatic operation by 
'    ailectlon.    ejection would.   In this «vent,  be 

acconpllshed by manual mode. 

b) Flection top and ejection bottom,   are en^ely    _ 
'    independent operations.      Either one or the other, 

or both,   may be  omitted. 

c) This independence  Is extended to the difference   In 
timing intervals that may be  set for each one. 

d) Both manual and automatic operations are prosra^ed 
by step switch  AMT. 

e) in automatic operation,  ejection will take place 

After every single  cycle. OMTV .* . 
After the   second   (last)   cycle  ONLY of a 

selected two cycle operation. 
After the  third  (last)   cycle  ONLY of a 

selected three cycle  operation. 

t)    The ejection sequence,   as described In P»f»fBPh 

e)  is a function of the setting of the count 
silectorrand automatically produces the operation 
of last  cycle ejection. 

flirPOMATIG OPERATION - 1 HIT; 

Ofi-On selector is  turned to  "on."     C™**  8elector 

switch is turned to 1 count.       Thereafter: 

1) At proorammed ooint,   contact 4MT-2 closes,   energizing 
'     tlmSr ITRT    This Is a delayed Interval. 

9>     rontaet AMT-2 closure may be  sustained at this point, 
2) Sr mafhavl open,   but la effective either way.   as 

alternate  holding circuit  has been set up in the 
timer. 

3) On "time out"  of Timer 1TR.   4-5 ^^c^ra^9
ch

8 

to 4 -  3   to Bupplv pulse   start to timer 2TR,wnicn 
Is energized and ialntained by its own holding 
circuit. 

^    Relay R-12  (top)  Is energized,   its ooataota cloalng 
'     in t?!rn.  to enirglze ejection Top solenoid valve. 

Ejection takes place. 

5)    When txmer 2TR "times out." the ejector circuit Is 
tripped to Its deenerglzed position. 
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EJECTORS 
2 HIT  CYCLE 
AUTOMATIC CP^^ATION: 

Off-on selector  is turned to "on."    count selector 
switch is  turned to 2 cycles.      Thereafter! 

6) On first cycle,   contact 4MT-2 closes,   but produoee 
no signal,   as  count  selector switch  Is  open  In 
this position.       Even though the  count switch 
second  contact   is  closed,   still no SITMAI  to 
eject is produced,   as  contact R-1C? is open. 

7) Cn the  2nd cycle,   and in preparation thereto, 
contact R-102 is now closed.      When contact AMT-2 
closes,   operation proceeds gs described in 
paragraphs 2)   throucrh 5) above. 

EJECTORS 
3 HIT  CYCLI 
AUTOMATIC  OPFRATION: 

Off-on selector  is  turned to "on."     count  aelootor 
switch is turned to 3  cycles.      Thereafter; 

Ö)     On first  cycle,   contact ^MT-2 cloeee,   but produces 
no signal,   as  count selector switch is open in 
this position. 

J)     On second  cycle,   contact AMT-2 closes,   but produces 
no signal,   as count  selector switch is open in 
this position. 

10)  On the 3rd   cycle   initiation,   and  in preparation 
thereto,   contact R-103  is now closed.     When 
contact AMT-2 closes in this cycle,   operation 
proceeds as described  in paragraphs  2)   through 
5) above. 
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ACCUMULATORS   -   TWO AND  THRK5. 

CIHCT'IT  FSATUaES: 

5)    Accufiiulstors two and throe  aro eachoontrolled by 
selector switches  le^ended: 

1  KIT 2 HITS 3   HITS 

Off-on Cff-on Cff-on 

b)     either one  accumulator,   or both,   may be   entirely 
eliminated from cperetlon,   witn three   awltches   'off. 

0) -Ither accu-mulgtor 2 or 3 may operate   luring 
lot,   2nd or 3rd  cycle,   or at whichever  point  the 
off-on selector la turned to  "on." 

d)    /•.c,cuniul''.tor operation must be  consletent with 
count  selector eviltch,   e.   .   if accmmlator  selector 
for  the  third hit   la  turned to on,   «r-d   count 
selector switch is turned to "2  hite,"  cycle will 
terrinate  after two  cycles,  and accumulator v;ill 
not operate   (third hit  not beimr reached). 

AUTOMATIC OPERATICN 
ONK HIT 
TTITHER ACGUmJLATOR; 

1) One  hit off-on selector ewltcö  is turned to   "on." 
Contact ".-10? Is also oelectlve to one  hit,   and 
is normally closed during first cycle only. 

2) At procramed rolnt,   contact  AMT-'i closes, 
energizing timer 2TD for delayed interval. 

3) Tlaer STD "times out," enere-izing timer 3TD. 

4) Relay R-19  (accumulator 2 exemplified)   is 
energized.    Relay R-19 contacts close,   energizing 
aec.nnulator 2 solenoid valve for period as eet on 
timer 3TD dial. 

5) Timer 3TD "times out," deenerzlzlng relay R-1S 
and,   in turn,  accumulator 2 solenoid valve, 
terminating accumulator 2 operation. 

6) Step switch contact 4MT-4 opens,  as 4MT atep switch 
responds to program. 

Timers reset,  and accumulator operation is concluded 
for this one cycle. 
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AUTOMATIC OPTRATTON (Cont'd) 
2ND HIT  CYOLI 
FITHFR ACCUMUIATORl 

7)    Two hit off-on selector switch Is turned to "on." 
(Count selector switch Is turned to 2 cr "J tilts. 

Contact R-103  Is selective to two hits,  aid 
is normally closed li second cycle only. 

R)    Cycle proceeds as described In paragrajat  2)  through 
6),   but In the   second cycle only. 

AUTOMATIC OPERATION 
3RD HIT CYCLI 
FITHgR ACCUMULATOR; 

9) Two hit off-on selector switch Is turned U) "on." 
(Count  selector switch is turned to 3  Htu. 

Contact R-103 In three hit selector olrsu.t, Is 
selective to three hits, and Is closed In third 
cycle  only. 

10) Cycle proceeds as described In paragraphs 2)  through 
6),   but  In the  second cycle  only. 

Possible accumulator operations  can take place as 
follows: 

Accumulator two: Slmllarlly with 
No operation Accumulator three. 
1st  cycle only 
2nd cycle only 
3rd cycle only. 
1st and 2nd 
1st and 3rd. 
2nd and 3rd, 
1st,   2nd and 3rd. 

The progressive closing and opening contact sequences 
of relays R-102 and Rio?,  makes the above circuit 
combinations possible. 

If accumulator actions Is desired during let and 3rd 
cycles:  Relay contact R-102 N-C   Is closed during first 
hit only;   hence no accumulator action will take place 
during the 2nd hit.      Since relay contact R-103 N.O. will 
be closed  in readinass for the  third oyole,  accumulator 
action will take place during the 3rd hit. 
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SOLEMOIP COHTBOL 

Not* that all aolanold« are protaetad by circuit 
braakara'. Comaon nuabara ara uaad batwaan solanoida 
and control ralaya for •Impllfiad identification. 
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LOCK   ROTATION 

•< LOCKS   OPEN 

4 LOCKS  CLOSED 

JACK   R.O.   OPEN 

" PREFILL   OPEN 

4 TRIGGER-RAM 

i TRIGGER   VENT-RAM 

, JACK  OPEN 

C'BAL.   TANK 
i   OPEN  TO  CYL'S 

-"   JACKS-INCH  DOWN 
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14LT 
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"C'BAL.   TANK   Pü 

C'BAL.   TANK 
CLOSED  TO T 

EJECT.   ACCUM. 
RELIEF 

EJECT-   DIP. 
TOP 

EJECT. DIP. 
BOTTOM 

EJECT. ACCUM. 
BLEED 

PREFILL OIL 
BLEED 

PREFILL OIL 
FILL 

JACK PUMP 
ON PRESS. 



JACK ACCUM. 
DRAIN CLOSED 

4 JACKS 
INCH UP 

4 ACCUM. 2 
OPEN 

4 ACCUM. 3 
OPEN 
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SELECTOR SWITCH IDENTIFICATION 

1SS MASTER MODE SELECTOR 

2SS COUNT SELECTOR SWITCH 

3SS LOCKS MANUAL 

4SS PREFILL MANUAL & JACKS RETRACTION 

5SS COMPRESSOR SELECTOR 

6SS FIRE MODE SELECTOR 

7SS ACCUM. #2 HIT SELECTION - 1ST HIT 

8SS ACCUM. #2 HIT SELECTION - 2ND HIT 

9SS ACCUM. #2 HIT SELECTION - 3RD HIT 

10SS ACCUM. #3 HIT SELECTION - 1ST HIT 

11SS ACCUM. #3 HIT SELECTION - 2ND HIT 

12SS ACCUM. #3 HIT SELECTION - 3RD HIT 

13SS EJECTOR TOP  ON-OFF 

14SS EJECTOR BOTTOM  ON-OFF 

PUSH BUTTON IDENTIFICATION 

1PB STOP MOTION 

2PB RESUME 

3PB START 

4PB PREFILL MANUAL BLEED 

5PB PREFILL MANUAL FILL 

6PB ALARM SILENCE 

7PB MAIN COMPRESSOR MOTOR START 

8PB MAIN COMPRESSOR MOTOR START 

9PB SPLIT PUMP MOTOR STOP 

10PB SPLIT PUMP MOTOR START 

11PB FIRE 
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PILOT LIGHT IDENTIFICATION 

1LT 1SV - LOCKS ROTATION 

2LT 2SV - JACKS R.O. OPEN 

3LT 3SV - PREFILL OPEN 

4LT 4SV - TRIGGER - RAM 

5LT 5SV - TRIGGER VFNT - RAM 

6LT 6SV - JACKS OPEN 

7LT 7SV - C'BAL. TANK OPEN TO CYCL'S 

8L.T 8SV - JACKS - DOWN 

9LT 9SV - C'BAL. TANK PUMP 

10LT 10SV - C'BAL. TANK CLOSED TO T 

11LT HSV - EJECTOR ACCOM. RELIEF 

12LT-T 12SV-T - EJECTOR DIRECTION - TOP 

12LT-B 12SV-B - EJECTOR DIRECTION - BOTTOM 

13LT 13SV - EJECTOR ACCUM. BLEED 

14LT 14SV - PREFILL OIL BLEED 

15LT 15SV - PREFILL OIL FILL 

16LT 16SV - JACK PUMP ON PRESSURE 

17LT 17SV - JACK ACCUM. DRAIN CLOSED 

IflLT 18SV - JACK-INCH UP 

19LT 19SV - ACCUM. #2 OPEN 

20LT 20SV - ACCUM. #3 OPEN 

21LT POWER ON 

22LT ONE CYCLE 

23LT TWO CYCLE 

24LT THREE CYCLE 

25LT ONE HIT 

26LT TWO HITS 

27LT THREE HITS 
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PILOT LIGHT IDENTIFICATION 

28LT READY 

29LT JACK ACCUM. LOWER 

30LT JACK ACCUM. HIGH 

31LT EJECTOR ACCUM. LOW 

32LT EJECTOR ACCUM. HIGH 

33LT COUNTER BALANCE ACCUM. LOW 

34LT COUNTER BALANCE ACCUM. HIGH 

3 5LT PREFILL VESSEL HIGH 

36LT PREFILL VESSEL MEDIUM 

3 7LT PREFILL VESSEL LOW 

38LT FAULT ALARM ACKNOWLEDGE - GRAVITY VESSEL HIGH 

39LT FAULT ALARM ACKNOWLEDGE - GRAVITY VESSEL LOW 

40LT FAULT ALARM ACKNOWLEDGE - LOCKS FAILURE 

41LT COMPRESSOR #1 

42LT COMPRESSOR #2 

43LT MAIN MOTOR STARTER 

44LT SPLIT PUMP MOTOR STARTER 

4 5LT PREFILL MANUAL 

46LT JACKS OPEN 

47LT EJECTOR TOP 

48LT EJECTOR BOTTOM 

49LT ACCUMULATOR #2 

50LT ACCUMULATOR #3 

51LT LOCKS OPEN 

52LT LOCKS CLOSED 
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RELAY CONTACT CHART 

Rl: 201,201 

R2: 206,206 

R3: 208,208 

R4: 210,210 

R5: 163,212,212 

R6: 168,214,214 

R7: 169,216,216 

R8: 218,218 

R9: 124,220,220 

RIO: 125,222,222 

Rll: 27,119,120,224,224 

R12T: 226,226 

R12B: 228,228 

R13: 230,230 

R14: 135, 139,232,232 

R15: 234,234 

R16: 25,114,115,236,236 

R17: 238,238 

R18: 240,240 

R19: 242,242 

R20: 244,244 

R100: 6,22,35,53,77 

R101: 8 

R102: 8,9,12, 15,173,182.188,194 

RIO 3: 10,12,14,16,174,183,189,190,195,196 

R104: 9,17 

R105: 140,142 

R106: 143,145 

R107: 146,148 

R108: 73,75 

R109: 87,88 

SEQ! 129,130.136,137 

1CS: 151 

2CS: 152 

IMS: 154 

ISPS: 156 

RLS-1: 23,29,37,55,85,161,169 

RLS-2: 23,37,50,78,162,170,205 

RLS-3: 44,55,161,204 

R-PSE-C: 134,138 

R-PRE-H: 134 

R-PRE-L: 134,138 
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RELAY CONTACT CHART 

(CONTINUED) 

RDP-PRE-C: 70 

RDP-PRE-O: 62 

RDP-R.I,C.: 

RDP-R.I.O.: 81 

RDP-R.O.C: 68 

RDP-R.O.O.: 60 

1MT: 8,11,13,15,34,37,53,76,164,16 

2MT: 28,31,157,203 

3MT: 27,30,41,67,73,74,80,158,159, 

4MT: 32,41,59,87,89,166,167,172,18 
188,194 

RPS-LDC: 48 

RPS-LDO: 42 

RPS-LSC: 23,37,49,78,162,170,205 

RPS-LSO: 43,55,161,204 

RPS-PRE-C: 25,39,57,71,80 

RPS-PRE-D: 64,65 

RPS-PRE-O: 63 

RPS-R.I.C: 25,39,57,78 

RPS-R.I.D.: 83,84 

RPS-R.O.C: 25,39,57,69,78 

RPS-R.O.C: 61 

RPS-T.V.: 23,29,37,55,161,170 
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VALVE NO 

SV i 

SV 2 

SV 3 

SV 4 

SV 5 

SV 6 

SV 7 

SV 8 

SV 9 

SV 10 

SV 11 

SV 12T 

SV 12B 

SV 13 

SV 14 

SV 15 

SV 16 

SV 17 

SV 13 

SV 19 

SV 20 

SOLENOID  VALVE  AMD  FUNCTION 

FUNCTION 

ROTATES TO CLEAR LOCKS 

JACK R. O. OPEN (TOP & BOTTOM) 

PREFILL OPEN 

TRIGGER RAM 

TRIGGER VENT RAM 

JACK R. I. OPEN 

CBALANCE TANK OPEN TO CYCL'S 

JACKS INCH DOWN 

CBALANCE TANK PUMP ON PRESSURE 

CBALANCE TANK CLOSED TO T 

EJECTOR ACCOM RELIEF DEVENT 

EJECTOR DIRECTION 

EJECTOR DIRECTION 

EJECTOR ACCUM BLEED CLOSED 

PREFILL OIL BLEED 

PREFILL OIL FILL 

JACK PUMP ON PRESS 

JACK ACCUM DRAIN CLOSED 

JACKS INCH UP 

ACCUM #2 OPEN 

ACCUM #3 OPEN 
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APPENDIX   V 

Miscellancou» 
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I.  OEHERAL 

A. A letter establishing liaison between General 
Dynaaic« and Lindberg Herl-Duty, a Division of 
Sola Basic Industries, Is attached as Enclosure 
Ho. 1. 

B. Additional enclosurest 

1.  Enclosure No. 2 DYNAPAK Drawing 66-10 
(Installation and Foundation, 1-1/2 Million 
Foot Pound Machine, Model No. 2U36). 

2i     Enclosure No. 3 DYNAPAK Drawing VO-161 
(Rotary Hearth Furnace). 

H.  ROTARY HEARTH FURNACES 

A. The rotary hearth furnace is considered to 
present maximum flexibility of all types of 
furnaces considered. 

B. The furnace selected is not to be considered 
a prototype design, since Lindberg Hevi-Outy 
has already designed similar furnaeea, smaller 
In slse, but of the identical configuration. 

C. Future consideration should be given to eval- 
uating the eise of ingress and egress openings 
dependent upon the anticipated tentative 
forging requirements. 

D. It was determined that two (2) rotary hearth 
furnaces would be desirable for maximum 
production rate. 

E. Each furnace is 20,-0M in diameter and has a 
hearth width of 3'-2n.  (See Enclosure Ho. 3) 
The heating capacity of each furnace is 5000 
pounds per hour. 

F. Each furnace has an atmosphere control, designed 
by Lindberg, to reduce forging scale and to 
Insure precision of forgings. 
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0.  Utilising «neb furnae« in conjunction vith thm 
other would result' ia aaziaua output capability 
at tb« aaa« tia« retaining the potential of 
reheating forginge if teayaraturee should de- 
crease excessively.  For ezaaplet 

1. Assuaibc 200 pound billets are used, which 
appears to be the noraal sised billet, oae 
(1) furnace could be utilized for preheating 
the billets to a teaperature below that 
which creates excesslre forging scale and 
de-carb (approx. 950oF. 

2. After preheating, the billets then would be 
placed in the second furnace for further 
heating to forging teaperature (l850oF - 
2150oF).  Hotet  Less tiae is required to 
heat billets froa rooa teaperature to 950oF 
than froa 9f0oF to forging teaperature. 

3. Therefore, with a heating capacity of 5000 
pounds per hour, the following would applyt 

5000 Ib./hr. - 25 billets/br. - prod, rate 
200 lb. billet of 25 bils./hr. 

lotet  5000 lb./hr. is a conservatire figure. 

k.     In retrospect, by utilising both furnaces to 
heat the billets froa rooa teaperature to 
forging teaperature, the production rate 
would be increased to 50 billets per hour. 
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Hmvi 

I mviNS mrr. • HAHWAV, Nmwjmmmmy 

Maren 27,   1969 

lilactro Dynamic Dlv. 
General Dynamics 
Dynapak Dlv.' 
150 Avenel Ave. 
Avenel,   N.J. 

ACt:     Mr.   Milton Chapln 

Gentlemen: 

In accoidance with Mr. Chapln*s reqiest, »*e are pleased Co si bmlt 
information on forge furnaces. 

We are enclosing several pictures as well as drawing 762530, and these 
will illustrate the type of equipment appropriate for your proposed 
Dynapak hanmer. 

tfe would suggest that you consider the purchase of two of these 
furnaces.  These rotary furnaces are 20*-O" in diameter and have 
a hearth width of approximately a'^1'. The heating capacity of e^cii 
is about 5000 pounds per hour.  This will total in the ncijaborhood 
of 10,000 pounds per hour heating capai ity and is close to t;-.e fiGrre 
we discussed. 

The furnaces would be field erected and when more specific figures are 
available, we will work out loading and unloading metnods. 

The cost for the furnaces will be approximately $210,000 eaca. 

Me hope the above preliminary information will be of help to you. 
Please do not hesitate to contact this office for any further 
information we can supply you. 

Very truly yours, 

LINDBERG d£VI-DLTY 
Div. of Sola Basic Industries 

GF:mf (end) 138   George Fey-Sales Engineer 
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Distribution List 

Distribution vili bo in «eeordanc« with ths followinst 

100 eopiss of ths Final Rsport to AFNL (MATP, Nr. L. Polls/) 
Wright-Psttsrson AFB 
Ohio U5li33 

6 ssts of dssign drawings to aboY« addrsss. 

Additional eopiss of Final Rsport tot 

1 copy to ASHPD-30 
20 eopiss to ODC 
1 copy to EWASL 
1 copy to Air Unirsrsity Library, Maxwoll AFB, 

Alabama 36112 
1 copy to Hq USAF (AFCSAI) 
1 copy to Hq AFSC (SCAP) 
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S«curity ClwUlotion 

DOCUMENT CONTROL DATA • R&D 
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I    OHIOINAT1N0 »CTIUI'V (Coiformlm Mllhot) 

0«n«r«l Dynaales Corporation 
lloetro Dynaale Oporatlon 
150 ATonol St.. Avnol. n.J.   07001 

1«  wcpeRT tccuniTv  e LAMIPICATION 

Unelftaslflod 
16   anoui* 

Mot   APBlloblO 
1   RIPOWT TITLI 

OYXAPAK 1 1/2 MILLION FOOT POUND FORGING MACHINE 

*   DCtCniPTIVI NOT» (Typ* ol fpon mnd lnelu.lv dau.) 

 Flnml Boport  
I   AUTMORfSJ CLMI nan«, «nl nMi«. Inltlml) 

Chanln,   Milton Koskorls,   James 

«. RCPORT DATt 

Movabor  1969 lk3 21 
• •-   CONTRACT OK «KANT NO. 

F33615-68-C-1578 
b.   PKOJIICT NO. 

TB-8-MMP-25V/123-8 

t*') 

tb. OTHSR RVPORT NOCSJ fAny olh«r nMm6«r« Ihmt mmy 6« m.aldnmd 

10. AVAIUAaiLITV/LIMITATION NOTICU 

This agrecnent 1B subject to special axport controls and each trans- 
■ittal to foreign governaents «ay be made only with prior approral of 
the Manufacturln« Technology D1T. DDC release to CFBTI ggjj Authorised. 

^k 
It. (FOMSOIIIMa MILITAKV ACTIVITY 
Air Force Materials Laboratory 
Manufacturing Technology Division 
Wright-Patterson Air Force Base.Ohio 

i) ABSTRACT Th> HIRr prasB designed undcp tüte —»»»—* is a pneumatic 
mechanical press of true counter-blow design«  The machine Incorporate i 
mechanical, hydraulic and electrical systems.  Two ffrfintegral 
opposing rams, weighing 73*000 lbs. each, and haying a maximum impact 
Telocity of 630 in/sec create the rated energy of 1,500,000 foot 
pounds.  The two rams are proportioned for extreme stiffness in order 
to support large tooling requirements.  Complete tooling interchange- 
ability between the upper and lower rams is provided.  The hydraulic 
portion of the pneumatic high Telocity machine restores tie energy re- 
leased by the machine.  The hydraulic system is composed of two (?) J 

100 HP motors driving four (*0 35 OPM pumps which provide fluid for a 
high performance accumulator system.  This system is capable of sus- 
taining three (-STSUceessiTe blows of the rams within several seconds. 
All functions are interlocked to proTlde maximum smoothness of hy- 
draulic fluid delirery with minimum Inertia shock.  The electrical 
system consists of conventional electrical circuitry monitored and 
controlled energy output of 1,500,000 ft.lbs. with the capability of 
utilising this energy in multiple blows.  The counter-blow principle 
and Identical rams provides versatility in tooling capabilities.  The 
composite design of the machine emphasises simplicity, flexibility, 
safety, minimum maintenance requirements and Increased production 
capability., . 
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